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PREFACE 


This document, Volume XXXIX of the Quailfication Test Report, 
Vibration and Mission Simulation Testing on Engine 828, XF107-WR- 
400 Cruise Missile Engine, is one of several reports that will be 
submitted under CDRL 95, Contract N00019-78-C-0206, describing the 
results of the Qualification Tests. Volumes I through XV will 
cover the Phase I engine quailfication. EMI/EMC and Nonoperating 
Shockloads, both for the F107-WR-400 engine, will be covered in 
Volumes XVI and XVII. Component Qualification Tests will be discus¬ 
sed in Volumes XVIII through XXVI. Structural Qualification re¬ 
sults will be presented in Volumes XXVII through XXX. Volumes XXXI 
through XL will present results of the Phase II engine 
qualification. 


xiii/xiv 
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SECTION 1 
INTRODUCTION 


1.1 PURPOSE OF TEST 

Engine 828 was tested at Bendix Aerospace Systems Division - Ann 
Arbor, Michigan, as Engine 828/build 4 and at the Arnold Engineer¬ 
ing Development Center (AEDC), Tullahoma, Tennessee, as Engine 
828/build 6. The tests were performed to demonstrate F107-WR-400 
engine compliance with environmental vibration and mission simula¬ 
tion requirements as specified in the Prime Item Development (PID) 
Specification 24235WR9501B and the Qualification Test Plan (QTP), 
CMEP 91-4043G, Report No. 78-145-8. 

1.2 DESCRIPTION OF TEST ENGINE 

Engine 828/builds 4 and 6 was an XF107-WR-400 engine, assembled in 
accordance with Top Assembly Drawing and Parts List 1029110-108. 

1.3 DISPOSITION OF TEST ENGINE 

After completion of the planned testing at AEDC, Engine 828/build 6 
was returned to WRC, where a post-test teardown and inspection was 
performed. The engine has since been moved into bonded storage at 
WRC, Walled Lake. 

1.4 SUMMARY 

1.4.1 Prequalification Testing At WRC 

Engine 828 did not exhibit any significant operational irregulari¬ 
ties on either build 4 prior to shipment to Bendix Aerospace Sys¬ 
tems or on build 6 before reshipment to AEDC. 

As shipped to Bendix Aerospace Systems for environmental vibration 
testing, conditionally approved discrepancies against the engine 
included the incorporation of an unapproved ECR dealing with the 
modified No. 4 carbon seal shield, the incorrect routing of the 
fuel control unit temperature sensor lead, the use of an unapproved 
sealant and an unapproved adhesive internal to the engine, and the 
installation of a P/N 36240 fuel control unit prior to Government 
approval. 

After the replacement and testing at WRC of hot section hardware 
damaged during the initial attempt to conduct the hot-day mission 
simulation test at AEDC, the engine was returned to AEDC on build 6 
with conditionally approved discrepancies. These discrepancies 
included sealants and adhesives internal to the engine, the use of 
a P/N 36240 fuel control unit, and the use of a P/N 34733 hot gas 
tube collar. 
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1.4.2 Qualification Testing At Bendix Aerospace 

Engine 828/build 4 was vibration tested at Bendix Aerospace Sys¬ 
tems - Ann Arbor, on 14 and 15 January 1980. The testing consisted 
of two components, 30 minutes of random frequency vibrations along 
each of the principle engine axes, and sinusoidal vibratory sweeps 
for 30 minutes at constant input levels along the lateral and 
vertical axes. No significant hardware irregularities were noted 
during or after the testing. 

1.4.3 Qualification Testing At AEDC 

The initial attempt to conduct the mission simulation tests on 
Engine 828/build 4 at AEDC was curtailed on 25 February 1980 when 
an increase in measured EGT and an engine speed rematch were noted 
(reference Report DAL 8012). 

Mission simulation testing at AEDC recommenced on 2 April 1980, the 
engine having been returned, after repairs, as Engine 828/build 6. 
Only one incident of any significance occured during the hot and 
cold day mission cycles, that being the failure of the fuel control 
unit early in the hot day cycle. The failed unit was replaced, the 
test sequence was restarted and run through completion as scheduled 
on 16 April 1980. 

1.4.4 Post Mission Simulation Testing Teardown Inspection 

Following the return of Engine 828 to WRC, a thorough teardown 
inspection, conducted on 23 and 24 April 1980, revealed no compon¬ 
ent failures or indications of impending component failures. 

1.5 RECOMMENDATION 

It is recommended that the testing completed with Engine 828 be 
accepted as evidence that the F107-WR-400 engine meets or exceeds 
the requirements for environmental vibration exposure and mission 
simulation testing as set forth in the PID Specification, 24235WR- 
9501A, and the Qualification Test Plan, CMEP 91-4043G, Report No. 
78-145-8. 
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SECTION 2 

PREQUALIFICATION TESTING AT WRC 


2.1 SUMMARY 

Engine 828 required four builds prior to shipment, on 2 January 
1980, to Bendix Aerospace Systems - Ann Arbor to commence qualifi¬ 
cation testing. The initial "green run" of the engine was perform¬ 
ed on build 1. Build 2 involved a penalty run to evaluate the 
combustor temperature profile which had been modified following 
build 1. The combustor was replaced on build 3. Build 4 involved 
the final testing of the engine prior to shipment. 

The engine was returned to WRC on 27 February for investigation 
into the cause of a sharp increase in measured EGT noted during the 
initial attempt to conduct the hot day mission simulation test at 
AEDC. Several engine components were observed to have sustained 
heat damage. The fuel slinger and the combustor/first nozzle 
assembly were replaced and the engine reassembled to prepare for 
retesting and reshipment to AEDC. Testing on build 5 included an 
EGT survey on the new combustor and disassembly for inspection of 
the new parts. The final run prior to reshipment was performed on 
build 6. The engine was reshipped to AEDC on 25 March 1980 to 
recommence the mission simulation tests. 

2.2 PROCEDURES 

2.2.1 Test Article Description 

2.2.1.1 Physical Configuration 

Engine 828 was an XF107-WR-400 engine assembled in accordance with 
Top Assembly Drawing and Parts List 1029110-108. 

The engine was delivered on build 4 with discrepancies as noted on 
Inspection Rejection Report (IRR) 92153. IRR 92153, shown in 
Figure 2-1, notes the incorporation of an unapproved ECR dealing 
with the modified No. 4 carbon seal shield, the incorrect routing 
of the fuel control unit temperature sensor lead, the use of an 
unapproved sealant when the accessory drive bearings were installed 
and an unapproved adhesive when the No. 5 carbon seal was installed 
and the installation of a P/N 36240 fuel control unit prior to 
Government approval. These discrepancies, conditionally approved 
by letter from the Administrative Contracting Officer (Figure 2-2), 
were applicable to the engine both as shipped to Bendix Aerospace- 
Ann Arbor for vibration testing and as shipped to AEDC for the 
initial attempt to conduct the mission simulation tests. 








CMEP 95-4120 
Report No. 79-106-39 


The engine was returned to AEDC on build 6 with conditionally 
approved discrepancies which included the sealant and adhesive 
used during the installation of the No. 5 carbon seal and the 
accessory drive bearings, the use of a P/N 36240 fuel control 
unit, and the use of a P/N 34733 hot gas tube collar. These 
discrepancies are listed in IRR 94579 (Figure 2-3) and were also 
conditionally approved by letter from the Administrative Contract¬ 
ing Officer (Figure 2-4). 

2.2.1.2 Functional Description 

Engine 828/build 6, as shipped to AEDC for mission simulation 
testing, had the following functional parts measurements and 
major components identification: 

. 2 

• Tailpipe Area: 31.85 in 

• First Nozzle: S/N WL-1014, A g ££ = 3.155 in 2 , Q = 1.681 

• Second Nozzle: S/N WL-101, A g ££ = 7.766 in 2 

• Third Nozzle: S/N GDB-69, A ff = 12.186 

• Fuel Control Unit: S/N RF-1443446 (Later replaced at AEDC 
by fuel control unit S/N 1443454). 

• Oil Pump: S/N HCB-294 

• Gearbox: S/N B-42 

• Ignition Generator/Exciter: S/N BX00175 

Engine weight, as shipped to Bendix Aerospace for vibration 
testing on build 4, was 142.5 lbf with a fully serviced lubrication 
system and residual fuel, but with no airframe generator installed. 
The specification weight for an F107-WR-400 airframe generator, 
as installed during the vibration testing, is 16.5 lbf. 

Engine weight, as shipped to AEDC on build 6, was 140.9 lbf with 
a fully serviced lubrication system and residual fuel but without 
an airframe generator installed. 

The apparent discrepancy in engine shipping weights is largely 
due to the fitting of both an expended engine starting cartridge 
and oxygen bottle for the vibration testing and their absence 
when the engine was shipped to AEDC. 

Engine run time at WRC prior to shipment as Engine 828/build 4 
was 6.62 hours with 21 starts. Engine run time at WRC on builds 
5 and 6 was 4.65 hours with 14 starts. Accumulated run time at 
WRC and AEDC, prior to shipment back to AEDC to re-attempt the 
mission simulation testing, was 19.16 hours with 38 starts 
including one cartridge-initiated start. 


f- 

i 

I III Williams Rasaarch Corporation 


2-2 







Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 


Engine performance instrumentation, detailed in Run Program QT-21, 
included three HP compressor discharge temperature (CDT) thermo¬ 
couples, three LP turbine discharge temperature thermocouples 
(electrically coupled to produce an average temperature output), 
three bypass mixing plane temperature thermocouples, and three 
additional LP turbine discharge temperature thermocouples providing 
individual temperature outputs. Data from this instrumentation is 
used to compute TIT. Additionally, IP bleed airflow pressure and 
temperature measurement instrumentation was installed on the 
engine. 

2.2.2 Test Facility 

Engine 828 completed the final runs prior to shipment on both build 
4 and 6 in test cell B-4 at WRC. This test cell is described in 
paragraph 3.3.3 and Appendix A of the Acceptance Test Procedure 
for YF107 Turbofan Engines , Revision A, CMEP 92-1022 (Report No. 
78-183). Run Program QT-21 is presented in Appendix B of this 
document. 

2.2.3 Test Procedures 

The tests conducted at WRC were performed in accordance with the 
requirements of the PID Specification (24235WR9501B), the QTP, and 
Run Program QT-21. 

2.3 RECORD OF TESTING AT WRC 

Final testing at WRC, prior to shipment to the qualification test 
facilities, was performed on two separate occasions. The first 
final test sequence was performed prior to the inital shipment to 
Bendix Aerospace on build 4. The second final test sequence occur¬ 
red before reshipment to AEDC as build 6. 

2.3.1 Record of Testing on Build 4 Prior to Shipment 

Engine 828/build 4 was installed in Test Cell B-4 on 14 December 
1979 for the final run prior to shipment to Bendix Aerospace - Ann 
Arbor. Engine monitoring instrumentation was attached, the lubrica¬ 
tion system was serviced with 750 ml of MIL-L-23699 oil (Exxon 
batch 219) and the fuel system was purged with RJ-4 fuel. The 
engine was then airmotored to verify instrumentation and oil pres¬ 
sure response. 

The engine was started to conduct the planned five-minute leak 
check run (1.2 seconds to light, 6.6 seconds to idle). No fluid 
leakage was noted after completion of the run and 300 ml of MIL-L- 
23699 oil (Exxon batch 219) were added to the engine oil reservoir. 
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The engine was started to perform the scheduled six-point power 
calibration used to determine the maximum governed HP spool speed 
trim point (1.4 seconds to light, 6.4 seconds to idle). After 
completion of the calibration run, the oil was drained, weighed 
(923.7 grams with pan) and returned to the engine. The fuel con¬ 
trol unit trim adjustment motor was installed at that time in 
preparation for the maximum governed HP spool speed adjustment. 

The engine was restarted (1.5 seconds to light, 6.7 seconds to 
idle) and accelerated to a PLA setting of +3.65 Vdc. The fuel 
control unit was trimmed, at that setting, to a maximum governed HP 
spool speed of 63,000 rpm with a calculated TIT of 1795°F. After 
completion of the speed adjustment, the setting device was removed. 

The engine was then started (1.4 seconds to light, 6.4 seconds to 
idle) and accelerated to the maximum PLA setting to verify the 
maximum trimmed HP spool speed adjustment. The trimmed HP spool 
speed was acceptable at 63,000 rpm. 

Without any further interruption, the engine was subjected to the 
slow transient run, the performance calibration and the fast trans¬ 
ient run as specified in the final run planning. The engine was 
then shut down and the oil was drained and weighed (892.2 grams 
including the drain pan). Oil consumption was calculated to have 
been 0.007 gal/hr. 

After reservicing of the oil system with 765.6 grams of new MIL-L- 
23699 oil (Exxon batch 219), the engine was started (1.3 seconds to 
light, 6.3 seconds to idle) and a 30-minute oil consumption run was 
performed. Post-engine shutdown oil weight was 748.5 grams with 
oil consumption calculated to have been 0.009 gal/hr. 

The engine was reserviced with 750 ml of new MIL-L-23699 oil and a 
final five-minute leak check run conducted. A post-run inspection 
revealed no fluid leakage. The engine was removed from the test 
cell on 14 December 1979 and prepared for shipment to Bendix Aero¬ 
space to conduct qualification vibration testing. 

2.3.2 Record of Testing on Build 6 Prior to Shipment 

The initial attempt to conduct the hot and cold day mission simula¬ 
tion tests at AEDC was aborted on 25 February 1980, when a change 
in engine spool speed match, coupled with an increase in measured 
EGT, was noted. A subsequent teardown investigation at WRC re¬ 
vealed two burned first nozzle vanes. 

The engine was reassembled after replacement of the fuel slinger 
and the combustor/first nozzle assembly. Subsequent to a perform¬ 
ance calibration and teardown to evaluate the newly installed 
combustor on build 5, the engine was assembled on build 6 to con¬ 
duct the final pre-qualification acceptance testing. 
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Engine 828/build 6 was installed in test cell B-4 on 24 March 1980. 
Engine monitoring instrumentation was attached, the lubrication 
system was serviced with 750 ml of MIL-L-23699 oil (Exxon batch 
219) and the fuel system was purged with RJ-4 fuel. The engine was 
then airmotored to verify instrumentation and oil pressure 
response. 

The engine was initially started to conduct a five-minute leak 
check run (2.5 seconds to light, 7.6 seconds to idle) at idle 
speed. Several external oil leaks were noted and repairs were 
attempted after shutdown. The engine was then serviced with an 
additional 200 ml of MIL-L-23699 oil (Exxon batch 219). 

The engine was restarted (1.4 seconds to light, 7.2 seconds to 

idle) and accelerated to an HP spool speed of 60,000 rpm for an 
additional leak check run. Some additional fluid leakage was 
observed and repairs were undertaken again. 

The engine was started to perform the scheduled six-point power 
calibration used to determine the maximum governed HP spool speed 
trim point (1.4 seconds to light, 7.0 seconds to idle). After 
completion of the calibration run, the oil was drained, weighed 
(889.8 grams with pan) and returned to the engine. The fuel con¬ 
trol unit trim adjustment motor was installed at that time in 
preparation for the maximum governed HP spool speed adjustment. 

The engine was restarted (1.3 seconds to light, 7.0 seconds to 

idle) and accelerated to a PLA setting of +3.65 Vdc. The fuel 
control unit was trimmed, at that setting, to a maximum governed HP 
spool speed of 62,840 rpm. Following shutdown, the adjustment 
motor was removed. 

The engine was restarted to check the adjusted maximum HP spool 

speed (1.5 seconds to light, 7.2 seconds to idle). At a PLA set¬ 

ting of +3.65 Vdc the maximum trimmed HP spool speed was noted to 
be acceptable at 62,850 rpm. The engine was then returned to idle 
and shutdown. 

The engine was restarted, taking 1.3 seconds to light and 6.8 
seconds to attain idle. The slow transient, the performance cali¬ 
bration, and the fast transient runs were completed according to 
the final run planning, after which the engine was returned to 
idle, shutdown and the oil drained. Oil consumption during the 
engine trimming procedure and the final run was calculated to have 
been 0.013 gal/hr. No external fluid leakage was noted after shut 
down. 

The engine was reserviced with new MIL-L-23699 oil, (Exxon batch 
219, 725.3 grams including pan). The engine was then restarted 

(1.4 seconds to light, 6.8 seconds to idle) to conduct the schedu- 
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led 30-minute oil consumption run. At the completion of this test, 
the oil was drained, weighed (685.9 grams including drain pan) and 
oil consumption was calculated to have been 0.021 gal/hr. The 
engine was then reserviced with 750 ml of MIL-L-23699 oil (Exxon 
batch 219). 

Performance levels at AEDC often exceed those observed at WRC. 
Therefore, it was determined that it would be advantageous to trim 
the engine to a point that would yield only 100 percent of the 
minimum specification thrust, rather than a value slightly in 
excess of the specification minimum, as has been the habit with the 
Phase II Qualification Test engines. This limitation was initiated 
to prevent the recurrence of exessive TIT values during the hot day 
mission cycle testing at AEDC. 

The fuel control unit trim adjustment motor was reinstalled and the 
engine restarted (1.6 seconds to light, 7.2 seconds to idle). At a 
PLA setting of +3.65 Vdc, the fuel control unit was trimmed to 
yield an HP spool speed of 62,600 rpm at a calculated TIT of 
1805°F. The engine was then shut down and the trimming motor was 
removed. 


The engine was restarted (1.4 seconds to light, 7.4 seconds to 
idle) and accelerated to a PLA setting of +3.65 Vdc to check the 
trimmed HP spool speed. Maximum HP spool speed, as trimmed, was 
acceptable at 62,610 rpm. This setting produced a maximum thrust 
value equal to the specification value. 

After shutdown the oil reservoir was "topped off" with 100 ml of 
new MIL-L-23699 oil (Exxon batch 219). The engine was then removed 
from the test cell and prepared for shipment to AEDC to recommence 
the scheduled hot and cold day mission simulation testing. 

2.4 ANALYSIS OF ENGINE PERFORMANCE AS SHIPPED TO AEDC ON BUILD 6 

Engine performance during the prequalification acceptance run is 
summarized and compared to the specification limits for sea level, 
static, standard day conditions in Table 2-1. Figures 2-5 through 
2-15 present basic engine performance data obtained during the 
prequalification testing at WRC in detailed comparison with the 
specification requirements. Figure 2-16 presents the EGT profile 
and Figure 2-17 reproduces the correlation curve, used in computing 
TIT, of the average of the three flight EGT thermocouples and the 
average of the 72-element EGT thermocouple rake during the prequali¬ 
fication testing at WRC. Figures 2-16 and 2-17 present data from 
build 5, as specialized instrumentation required to obtain the data 
presented there is not installed for the prequalification accept¬ 
ance test. In absence of contrary indications, these parameters 
are assumed to have the same values for build 6. 
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2.4.1 Oil Consumption 

Oil consumption, measured during the 30-mmute final oil consump¬ 
tion run at WRC, was calculated to have been 0.021 gal/hr. The 
weight of the oil consumed was 39.4 grams at a density of 0.989 
gm/ml. 

2.4.2 Performance Assessment 

Engine 828/build 6, as fitted with a 31.85 in 2 jet nozzle, was 
trimmed at WRC to an HP spool speed of 62,610 rpm at a PLA setting 
of +3.65 Vdc. Thrust, as trimmed, was measured to be 640 lbf with 
a calculated maximum turbine inlet temperature (TIT) of 1805°F and 
an EGT of 1020°F at the maximum PLA setting. Specific Fuel consump¬ 
tion was 3.36 percent below the specification maximum value at the 
maximum continuous thrust rating. SFC at 90 percent and 75 percent 
maximum continuous thrust ratings was below the specification 
maximum limits by 2.69 and 1.62 percent, respectively. Table 2-1 
demonstrates that all critical performance parameters remained 
within limits. 

2.5 CONCLUSIONS 

Engine 828/build 4, at the conclusion of the final testing at WRC, 
was considered acceptable to conduct vibration testing at Bendix 
Aerospace-Ann Arbor and mission simulation testing at AEDC. Follow¬ 
ing the replacement of hardware damaged during the initial mission 
simulation test attempt, the engine was rerun through the final 
testing at WRC and deemed acceptable to recommence the hot and cold 
day mission simulation tests. 












Williams Research Corpora ti on 


CMEP 95-4120 
Report No. 79-106-39 


TABLE 2-1. ENGINE 828/BUILD 6, PERFORMANCE SUMMARY 


ENGINE MODEL XF107 - WR-400 

DATA CORRECTED TO SEA LEVEL, STATIC, 

STANDARD DAY CONDITIONS 


INDICATE 

IF 

DEVIANT 

I . 

AT TRIM SPEED OR 3.65 VDC TO FUEL 

CONTROL ACTUATOR 




Thrust Fn/6 (100% FM min - INDICATE % FM) 1 

100.8 



HP Speed N 2 /V0 (63200 rpm max) 


62610 



LP Speed Ni// 5 (34755 rpm max) 


33400 



EGT EGT/6 (1130°F max) 


1020°F 



TIT/0 (1925°F) 


1805°F 







II. 

At Fn/6 = Fm 





EGT EGT/6 (1130°F max) 


1010°F 



SFC SFC/0' b7 (100% SFCM max - INDICATE % SFCM) 

-3.36 



Airflow WVO/6 (14.0 lbm/sec max) 


13.50 



(13.19 lbm/sec min) 
HP Speed N 2 //0 (63200 rpm max) 

LP Speed Hx/Jo (34755 rpm max) 


62400 




33200 



(31445 rpm min) 




Ill . 

At Fn/6 = 90% Fm 

EGT EGT/6 (1060°F max) 


985°F 



SFC SFC/6' b ' (97.4% SFCM max - INDICATE % SFCM) 

-2.69 



Airflow WV0/6 (13.39 lbm/sec max) 


12.95 



^(12.61 lbm/sec min) 
HP Speed N 2 /-/0 (62883 rpm max) 


61300 



(60417 rpm min) 

LP Speed Hi/Jd (33180 rpm max) 


31800 



(30020 rpm min) 




IV. 

At Fn/6 = 75% Fm 





EGT EGT/0 (960°F max) 


940°F 



SFC SFC/9 ’ b ' (94.1 % SFCM max - INDICATE % SFCM 

-1.62 



Airflow WV6/6 (12.46 lbm/sec max) 


12.00 



(11.74 lbm/sec min) 
HP Speed N 2 //0 (60894 rpm max) 


59500 



(58530 rpm min) 

LP Speed (31080 rpm max) 


29800 



(28120 rpm min) 




1 FM is minimum thrust at the maximum continuous rating at sea level 
static as specified in Table 1 of PIO Spec 24235WR9501A SCN 010 dated 

17 October 1978. 

2 SFCM is maximum SFC at condition 1. 
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DCRO-CTCA/VR (J. Boedeckar/Fxt 352/lmf) 


19 Pec 1979 


SUBJECT! Shipping Authorization, Engine S/N 828, Contract N00019-78-C-0206 


Mr. Dave Cooper 
CMEP Contract Administration 
Willlama Research Corporation 
2260 W. Maple Road 
Walled Lake, MI 48088 


Dear Mr. Cooper: 

You are hereby authorized to ship subject engine via air chiprrent on a 
DD Form 1149 to AEPC, Tullchomn, Tennessee. 

It is noted that this engine deviates from specification and QT Tent Plan 
requirement# aa documented on IRR 92153. TMa authorization is granted 
notwithstanding the deviant condition to provide for further testing of 
this engine. 

This letter should not be construed as waiving an> specification of QT 
requirements or any other Government rights established by the contract. 
The only purpose of thle letter is to acknowledge the above cited de¬ 
viations and to provido shipping authorization. Tills authorization is 
granted for the sole convenience of the contractor. 


Tliia letter may be used to cloce the 
tcmal requrlaments. 


shove 


reference 


JOHN A. 



your 


ln- 


Aikiinistrelive Contracting Officer 
DOAS-WPd Renldcncy 


cc: DCRO-CTQF/WR (C.C. Davis, Jr.) 
JCM-285 (Major Rice) 

ASP/YZ107 (Col. Goetc) 

WPC (L. Scheen) 


Figure 2-2. Administrative Contracting Office (ACO) Letter 

Permitting Shipment of Engine 828/Build 4 to Bendix 
Aerospace and AEDC 
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DCRO-CTWC (J. Bocdecke./Ext 1352/imf) 25 Mar 198U 

SUBJECT: Shipping Authorization, Engine S/N 823, Contract N00019-78-C-0206 


Mr. Dave Cooper 
CME? Contract Administrator 
Williams Research Corporation 
2280 U. Maple Road 
Vailed Lake, MI 48088 


Dear Mr. Cooper: 

You are hereby authorized to ahip subject engine via iir shipment on n 
Db Form 1149 to AF.DC, Tullnhon:n, Tcnnaaace, 

It la noted that this engine deviates Iron specification and QT Test Finn 
requirements as documented on IKR 94579. This authorization Is granted 
notwithstanding the deviant condition to provide r<~r further testing of 
this engine. 

Hits letter should not be construed ns waivin'? any specification of QT 
requirements or any other Government rights established by the contractor. 
The only purpose of this letter Is to acknowledge Lhe above cited 
deviations and to provide shipping authorization. This authorization is 
granted for the sole convenience of the contractor. 

This letter nay be used to close the abova referenced IRA per your 
Internal requirements. 


Sincerely. 


JOHN A. AITT.IN 

Administrative Contracting Officer 
DC\S -VitC Residency 


cc: DCRO-GTWO (C.C. DAVIS, jr.) 

JCM-285 (,'tnjor i.lc?) 

Af,b/YZ107 (Col. rocL..) 

V'TiC (L. Schccn) 

DCHO-uTWP (P. JanIk) 

Figure 2-4. Administrative Contracting Office (ACO) Letter Permitt¬ 
ing Shipment of Engine 828/Build 6 to AEDC 
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Figure 2-6. Engine 828/Build 6, Corrected Specific Fuel Consumption (SFC) 
versus Corrected Thrust 
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Figure 2-7. Engine 828/Build 6, Corrected Thrust versus Corrected HP Speed 
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Figure 2-12. Engine 828/Build 6, Corrected Exhaust Gas Temperature (EGT) 
versus Corrected HP Speed 
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Figure 2-13. Engine 828/Build 6, Corrected Fuel Flow versus Corrected HP 
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Figure 2-14. Engine 828/Build 6, Corrected Turbine Inlet Temperature (TIT) 
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gure 2-15. Engine 828/Build 6, Corrected Turbine Inlet Temperature (TIT) 
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Figure 2-17. Engine 828/Build 5, Exhaust Gas Temperature (EGT) 
Correlation Curve, 72 Thermocouple Rake versus 3 
Flight Thermocouples 
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SECTION 3 

QUALIFICATION TEST FACILITY RESULTS 


3.1 SUMMARY 

Engine 828/build 4 arrived at Bendix Aerospace Systems Division, 
Ann Arbor, Michigan, on 14 January, 1980, and testing was under¬ 
taken that day. The testing consisted of two components, 30 min¬ 
utes of random vibrations along each of the principal engine axes 
and sinusoidal vibratory sweeps at constant input levels to identi¬ 
fy resonant frequencies along the lateral and vertical engine axes, 
with the engine being excited for thirty minutes at each of the 
frequencies identified. No abnormalities occurred during this 
phase of the qualification testing. 

Engine 828/build 4 arrived at AEDC on 21 January, 1980. Installa¬ 
tion into Test Cell T-5 was completed on 19 February, the delay 
being caused by the completion of qualification testing with Engine 
402. Testing was undertaken on 20 February. All required check 
runs and engine calibrations were completed without incident. 

Shortly after undertaking the hot day mission simulation test, 
erratic EGT indications, coupled with a brief engine calibration, 
led to termination of the testing. The engine was returned to WRC, 
disassembled, and damaged engine hardware replaced (Ref. Report DAL 
8012). 

With no repetition of the engine vibration testing, the engine, now 
designated Engine 828/build 6, was returned to AEDC. The calibra¬ 
tion and check runs were repeated. 

Early in the second attempt to conduct the hot day mission simula¬ 
tion test, the fuel control unit ceased to respond to changes in 
PLA command voltage. A replacement fuel control unit was located, 
exposed to the engine vibration testing regimen, and installed on 
the engine. All testing scheduled at AEDC was completed on 16 
April, 1980, and the engine returned to WRC. 

A post-testing teardown and dimensional inspection revealed no 
hardware failures or signs of impending hardware failures which 
could have jeopardized successful mission completion. 

3.2 PROCEDURES 
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3.2.1 Test Article Description 

Engine 828/build 4 was vibration tested at Bendix Aerospace-Ann 
Arbor in its as-shipped configuration. Initially, the engine was 
installed into Test Cell T-5 at AEDC in that same configuration. 
Following the abortion of the first attempt to conduct the mission 
simulation testing, and a subsequent rebuild at WRC (ref. paragraph 
2.3.2.), the engine was reinstalled into Test Cell T-5 at AEDC in 
its as-shipped condition. During that second phase of engine 
testing, the only hardware change, other than those authorized in 
paragraph 3.2.4.8 of the Qualification Test Plan (CMEP 91-4043G), 
was the replacement of the failed fuel control. 

3.2.2 Test Facilities 

Engine 828/build 4 and the replacement fuel control unit for build 
6 were vibration tested at Bendix Aerospace-Ann Arbor, Michigan. 
Details on the Bendix facility are included in Appendix F of the 
Qualification Test Plan. Photographs of a typical F107 engine 
installation at the Bendix facility are displayed in Figures 3-36 
through 3-38. 

Engine 828/builds 4 and 6 were tested at AEDC, Tullahoma, Tennesee, 
in Test Cell T-5. A detailed description of the test facility at 
AEDC is contained in Appendix D of the Qualification Test Plan. A 
typical F107 engine installation in Test Cell T-5 at AEDC is shown 
in Figures 3-39 through 3-41. 

3.2.3 Test Procedures 

The vibration and mission simulation tests, as well as associated 
check runs, instrumentation runs, and calibrations runs, were 
performed in compliance with the Qualification Test Plan and Run 
Program QT21. Run program QT21 and its addenda are presented in 
Appendix B of this text. 

3.3 RECORD OF TEST 

3.3.1 Record of Vibration Testing at Bendix Aerospace-Ann Arbor 

Engine 828/build 4 was initially shipped to Bendix Aerospace-Ann 
Arbor on 4 January, 1980, to conduct vibration testing for the 
F107-WR-400 engine in accordance with the PID Specification and the 
QTP. The testing proceeded without major incidents and was complet¬ 
ed on 7 January 1980. After the engine had been returned to WRC, 
it was discovered that no airframe generator had been mounted on 
the engine during the vibration testing. This omission required a 
repetition of the vibration testing. 
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Engine 828 was received at Bendix Aerospace-Ann Arbor for the 
second test series on 14 January 1980 and began testing on the 
same day. All scheduled testing was completed at ambient 
temperatures. 

A discrepancy exists between the axis labelling conventions used 
by Bendix Aerospace Systems and WRC. The Bendix convention 
labels the longitudinal axis "X" with positive direction extending 
out through the engine inlet, the lateral axis "Y" with positive 
direction extending out to engine starboard (when viewed from aft 
looking forward), and the vertical axis "Z" with positive direction 
down. The WRC convention for the Convair engine, is dictated by 
triaxial accelerometer mounting position, with labelling of the 
longitudinal axis "X", the lateral axis "Z" and the vertical axis 
"Y", having positive sense in the same direction as the Bendix 
convention, except that the positive vertical direction is up. 
This discrepancy results in different labelling of vibration data 
obtained at Bendix Aerospace and at AEDC. 

Initially, a sinusoidal vibration sweep was performed on the 
engine lateral (Z) axis to identify resonant frequencies. These 
frequencies were identified to be 77 Hz, 90 Hz and 100 Hz. The 
lateral axis was subjected to a vibration input at a level of 

2g's for a 30-minute period at each of the above frequencies. 
This was followed by a one-half hour random frequency excitation 
on the same axis in compliance with the F107-WR-400 spectrum. 

The engine orientation relative to the test apparatus was changed 
to allow vibration inputs on the longitudinal (X) axis of the 
engine. The engine was then subjected to a random frequency 

vibration input on the longitudinal axis for 30 minutes in com¬ 
pliance with the F107-WR-400 spectrum. 

Engine orientation on the shake fixture was repositioned in order 
to align the vibration axis along the vertical (Y) axis. A sinu¬ 
soidal sweep was then performed to identify the resonant frequen¬ 
cies. These frequencies were identified to be 13 Hz, 80 Hz and 

100 Hz. The vertical axis was then subjected to a sinusoidal 
vibration at a level of 2g's for a 30-minute period at each of 
the resonant frequencies. The vibration test series was completed 
with a 30-minute random frequency vibration excitation on the 
vertical axis in compliance with the F107-WR-400 spectrum. 

A presentation of the PSD curves obtained at Bendix Aerospace 
during the testing of this engine, as well as a chronicle of 
significant test events, is contained in Appendix D of this text. 
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The engine was returned to WRC on 16 February 1980 preparatory to 
shipment to AEDC for mission simulation testing. 

3.3.2 Record of Testing at AEDC 

Note: The initial attempt to conduct the hot and cold day 

mission simulation tests at AEDC was aborted on 25 
February 1980 when both an increase in EGT and a marked 
change in engine spool speed match were noted. A 

subsequent teardown investigation at WRC revealed two 
burned first nozzle vanes. The engine was reassembled 
with a new fuel slinger and combustor/first nozzle 

assembly. The engine was then rerun through the ac¬ 
ceptance test procedure (ATP) and reshipped to AEDC. 
No repetition of the environmental vibration testing 
was considered necessary. 

3.3.2.1 Pre-Mission Simulation Testing 

Engine 828 was received at AEDC, Tullahoma, Tennessee, on 25 
March 1980, and directly installed in Test Cell T-5. Some facility 

problems occurred, but were resolved in order to permit engine 

testing to begin on 1 April 1980. A sea level static, standard 
day check run revealed minor instrumentation problems which were 
easily resolved. During that check run, one flight EGT thermo¬ 
couple indicated a step increase to 1074° F, but no other ir¬ 
regularities were reported. A pre-qualification testing sea 
level, Mach 0.70 calibration run with bleed airflow and generator 
power extraction was conducted, followed by engine operation at 
sea level, Mach 0.65 to complete the 4 hours, 55 minutes of 
engine operation required prior to the final pre-mission simulation 
test check run (Ref. paragraph 2.7.3 of CMEP 91-4043G). Data 
collected during the calibration run indicated thrust 4.1 percent 
above and SFC 4.7 percent below the specification requirements 
with an average EGT of 1030°F at maximum continuous thrust. Oil 
consumption during this running was computed to be 0.011 gal/hr. 
The final pre-mission simulation test check run was conducted on 
2 April. A post-run inspection revealed no fluid leakage. A 
starter cartridge was then installed and the engine prepared for 
the initiation of the hot-day mission simulation test. 

3.3.2.2 Mission Simulation Testing 

Figure 3-42 displays the Phase II QT hot and cold day mission 
simulation test format. Scheduled changes in flight conditions 
are related to Table 3-IV by circled numbers. Time histories of 
the terrain-following cycles used in these tests are presented in 
Figures 3-43 through 3-47. 
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Test Cell T-5 at AEDC is set up to control the engine throttle 
command voltage, simulated altitude and Mach number, and facility 
data acquisition system by means of several computers which are 
synchronized at the start of the test. One of the computer 
outputs is a CRT display comparing the specification inlet temp¬ 
erature, in 10-minute segments, with the current actual inlet 
temperature. This display is used to control the inlet temperature 
manually during the test. 

Time histories of actual test cell pressure, inlet pressure and 
inlet temperature are shown in Figures 3-48 through 3-50 for the 
hot day mission simulation and in Figures 3-52 through 3-54 for 
the cold day mission simulation. These figures also include the 
specification pressures and temperatures for comparison with the 
recorded data. As can be seen, the computers functioned with a 
high degree of accuracy in controlling the two pressures re¬ 
presenting altitude and Mach number during both the hot and cold 
day mission cycles. The control of inlet temperature was generally 
good during both tests, except as noted in paragraph 3.3.2.2.3, 
with some variation due to the thermal inertia of the facility 
plumbing, which did not allow rapid changes in temperature at the 
engine inlet. Although temperature variations do affect engine 
performance, it was not felt that the differences which were 
experienced affected the validity of the engine durability 
demonstration. 

The computers controlling the mission simulation cycles did not 
have sufficient storage capacity for an entire five-hour test 
cycle. Therefore, the program was broken into five segments. 
After completion of each segment, the engine was manually returned 
to idle speed while the new program segment was entered into the 
computer. The engine was not shut down during these hold periods. 

Time histories of the supply fuel temperature are shown in Figure 
3-51 for the hot day mission simulation test and in Figure 3-55 
for the cold day mission simulation test. The specification 
nominal fuel supply temperature is shown for reference. The fuel 
temperature was controlled by a semi-automatic system which 
required constant monitoring and operator adjustment. 

3.3.2.2.1 Hot Day Mission Simulation Test . The hot day mission 
simulation test was undertaken on 2 April 1980. The cartridge 
start was hot (1230°F EGT momentarily), but successful. Data for 
both this cartridge start and the start conducted at the outset 
of the cold day mission simulation test are presented in Paragraph 
3.4.3.7 of this report. 

Shortly after the computer had assumed control of the engine 
throttle, the PLA display became unsteady, with no attendant 
fluctuations in either fuel flow or rotor speeds. As the test 
continued, one of the individually-reporting EGT thermocouples 
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rose to a steady 1226°F. Finally (1:02:14 into the mission), the 
fuel control unit ceased responding to any variations in command 
voltage. It was decided, in concurrence with the customer rep¬ 
resentative, to abort the test. Using a manually-controlled 
facility fuel system valve, the engine was shutdown, but windmilled 
to avoid component damage due to heat buildup and soakback. 
Post-shutdown electrical tests revealed internal fuel control 
unit resistance and current draw well in excess of the component 
specification. It was elected to remove the fuel control unit 
and replace it with a different unit. 

The replacement fuel control unit was subjected to the Tomahawk 
environmental vibration test at Bendix Aerospace Systems-Ann 
Arbor on 8-9 April 1980 (Ref. Appendix D, Section IV). The 
removed fuel control unit was shipped to the Woodward Governor 
Company for analysis (Ref. Appendix F) where the cause of the 
failure was traced to a faulty fuel control unit subcomponent. 
The replacement fuel control unit was shipped to AEDC and installed 
on Engine 828. Preparations for an engine calibration and trim 
check were then made. 

The replacement fuel control unit was trimmed, using both mechani¬ 
cal and manual techniques, to a maximum governed HP spool speed 
of 62,459 rpm and an engine performance calibration conducted. 
That calibration indicated that SFC at maximum continuous thrust 
had improved 0.1 percent, but SFC at the cruise rating point had 
increased by 1.3 percent. Maximum thrust had decreased by 2.6 
percent. All of these parameters, however, still easily satisfied 
the specification requirements. 

Following an oil and oil filter change and the installation of 
igniter plugs subjected to the Tomahawk environmental vibration 
test along with the replacement fuel control unit, the hot day 
mission simulation test was restarted, with a compressed air 
start. The hot day test was then concluded, with the most sig¬ 
nificant item of note (derived by post-test data analysis) being 
a disagreement between the manually-computed average of three EGT 
thermocouples and the electrically-averaged output of three 
others. The disagreement was about 50°F throughout the entire 
test cycle. Computed oil consumption for the entire hot day 
mission simulation test was 0.015 gal/hr. 

3.3.2.2.2 Recertification . After completion of the hot day mis¬ 
sion simulation test, the No. 1 bearing, both igniters, and the 
engine oil and oil filter element were replaced. The engine oil 
sump was drained and refilled with new MIL-L-23699 oil. 

A recertification calibration run was performed at sea level, 
Mach 0.7, standard day conditions to verify engine function after 
the hardware changes. No meaningful changes in engine performance, 
in comparison to the engine calibration prior to the hot day 
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mission simulation test, were observed. During the recertification 
run, the individual EGT thermocouple T6-2 behaved erratically, as 
it had on earlier ocassions, but no contrary engine health para¬ 
meters were observed. 

3.3.2.2.3 Cold Day Mission Simulation Test . The cold day mission 
simulation test was conducted on 15 April 1980. The test was 
initiated with a successful cartridge start and was conducted 
with very few occurrences of note. Some items of interest, which 
apparently had little bearing upon the successful conclusion of 
the test, included continued disagreement (derived by post-test 
data analysis) between the average of the individually-reporting 
EGT thermocouples and the three electrically-averaged EGT thermo¬ 
couple outputs (about 40°F), depletion of the facility liquid air 
supply which led to a loss of inlet temperature control, repeated 
freezing of water collected in the facility fuel filter (causing 
several interruptions of the test cycle for thawing) and reports 
of "sparks" from the engine tailpipe for which no origin could be 
pinpointed. At the conclusion of the test, oil consumption was 
computed to be 0.007 gal/hr. Some deposits were found on the 
magnetic drain plug. (This item is discussed in paragraph 3.5.2., 
Teardown Inspection Results.) 

3.3.2.3 Post-Mission Simulation Testing 

Prior to the post-mission simulation calibration run, the engine 
igniters, oil and oil filter element were changed. Some debris 
was found in the filter element. A three-point engine calibration 
at sea level, Mach 0.7, standard day conditions was conducted, 
with some "sparking" from the tail pipe reported shortly after 
the engine was started. Data analysis indicated that, compared 
to the "pre-test" calibration with the replacement fuel control 
unit, SFC had improved slightly at both maximum continuous and 
cruise power levels and thrust had deteriorated only 0.7 percent 
and was still in excess of the specification requirement. Oil 
consumption for the calibration run was computed to be 0.041 
gal/hr with some additional debris found on the magnetic drain 
plug. 

Total engine running time for build 6 at AEDC was 17.0 hours with 
13 starts, two of them cartridge-initiated. The engine was re¬ 
turned to WRC on 22 April 1980. 

3.4 PERFORMANCE ANALYSIS 

3.4.1 Summary 

Engine 828/build 6 was scheduled to complete both hot and cold 
day mission simulation cycles with inlet airflow distortion 
screen GDI in place. 
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The original start for the hot day mission cycle was a successful 
cartridge-initiated type with a start time of 6.25 seconds (spec¬ 
ification requirement is 6.7 seconds). 

The hot day mission cycle was terminated at a point 1.04 hours 
into the test when the fuel control unit ceased to respond to 
input voltage commands. The fuel control unit was replaced with 
a unit which was first run through the F107-WR-400 engine environ¬ 
mental vibration cycle at Bendix Aerospace. A repeat performance 
calibration was conducted at sea level, Mach 0.70, standard day 
conditions after which the engine was trimmed to yield 101.5 
percent of specification maximum continuous thrust. As trimmed, 
HP spool speed was 150 rpm lower than the initial setting at WRC. 
The hot day mission cycle was reinitiated with a compressed air 
start and completed without further incident. Engine operating 
temperatures remained within limits throughout the test cycle and 
maximum continuous thrust was measured to be 101.7 percent of the 
specification requirement immediately prior to completion of the 
cycle. 

The cold day mission cycle was initiated with a successful car¬ 
tridge start at 1500 feet, Mach 0.5 with an inlet temperature of 
-9°F. The temperature of the air surrounding the engine was 
estimated to be approximately -9°F at the time of the start. 
Engine start time was 9.3 seconds as compared to the specification 
requirement of 11.0 seconds. 

Engine performance throughout the cold day mission cycle was 
satisfactory with steady-state data indicating an SFC 8.5 percent 
below the specification requirement. Facility problems with the 
liquid air supply allowed the engine inlet air temperature to 
rise up to a value of 15°F, 3.86 hours into the cold day cycle. 
At the stabilized inlet temperature maintained during the last 
1.14 hours of the cycle (+15°F), maximum continuous rating thrust 
was measured to be 101.7 percent of the specification requirement 
with the fuel control unit delivering a maximum of 509 lbm/hr. 
Had the inlet temperature been maintained at the required level, 
the engine would have only developed 98.5 percent of specification 
thrust, since thrust output would have been restricted by the low 
setting of the fuel control unit maximum fuel delivery stop. The 
engine would have required a fuel delivery rate of 517 lbm/hr at 
a fuel temperature of -30°F in order to attain 100 percent of the 
specification required thrust. Considering the test conditions 
run, the fuel delivery rate from the fuel control unit should 
have been at least 524 lbm/hr. Refer to Section 3.4.3.4 for 
further discussion with respect to fuel control unit operating 
characteristics. 

The sea level, Mach 0.70, standard day performance of the engine 
was above specification with a cruise rating SFC 2.4 percent 
below the requirement. The post-mission cycle calibration, when 
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compared to the pre-mission calibration, demonstrated an additional 
0.2 percent improvement in SFC. By the same comparison, maximum 
continuous rating thrust was down 0.7 percent when observed 
during the post-mission cycle calibration. 

The engine air bleed system delivery exceeded both flow rate and 
pressure requirements by 10.0 percent during the mission simulation 
tests. 

3.4.2 Test Results 

Engine 828 completed all of the scheduled testing in accordance 
with the requirements as listed in Run Program QT-21 (ref. Appendix 
B of this document). An overall performance summary is shown as 
Table 3-1 wherein thrust and SFC are presented relative to the 
PID Specification Engine (Rev. C) and operating temperatures and 
speeds are indicated for the maximum continuous rating PLA setting 
of +3.65 Vdc. 

Performance results from the WRC prequalification tests and the 
AEDC trim check calibration (sea level, static, standard day 
condition) are shown in Figures 3-1 through 3-5. A direct com¬ 
parison of the sea level, static data from both test facilities 
is presented in Table 3-II. The data shown for operation at the 
maximum PLA setting of +3.65 Vdc represents performance with the 
original fuel control as trimmed at WRC. 

Figures 3-6 through 3-10 demonstrate the performance recorded for 
the sea level, Mach 0.70, standard day calibrations with IP bleed 
airflow and a five-horsepower generator load. The data presented 
include that which was recorded during the initial performance 
calibration at AEDC, the recalibration after replacement of the 
fuel control unit (refer to paragraph 3.4.1), the recertification 
performance calibration and the post-mission simulation performance 
calibration. Table 3-1II includes data extracted from these six 
performance curves so as to present a detailed comparison with 
the F107-WR-400 specification rating points at Mach 0.7. 

Figure 3-11 presents the hot day mission simulation profile which 
includes a cartridge start at Mach 0.5. Performance data recorded 
during the mission cycle are presented in Figures 3-12 through 
3-18. These are steady-state data recorded during fixed throttle 
segments. Data are shown for both the initial attempt to conduct 
the hot-day cycle and the second, more successful, conduction of 
the hot day cycle with a new fuel control unit installed. 

The cold day mission profile is presented in Figure 3-19. Perform¬ 
ance data for the cold day mission cycle are shown in Figures 3- 
20 through 3-26. Figures 3-54 and 3-55 show the desired and 
actual inlet air and fuel supply temperatures. The increase in 
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these temperatures at the end of the mission cycle reflects the 
test facility problems in supplying liquid air, which caused 
engine inlet air temperature to drift above the specification 
value required for the test. 

HP governed speed is graphically presented as a function of inlet 
temperature in Figure 3-27. The effects of fuel supply temperature 
on the maximum fuel delivery rate are shown in Figure 3-28. 

Engine IP air bleed system performance is presented in Figures 3- 
29 and 3-30. 

A comparison of the engine start performance with the specification 
requirements is shown in Figure 3-31. The start times were taken 
from the hot and cold day cartridge-start time histories, shown 
in Figures 3-32 through 3-35. 

3.4.3 Data Analysis 

3.4.3.1 Sea Level, Static 

Engine performance for sea level, static conditions at AEDC was 
better than that observed at WRC in terms of both thrust and SFC. 
Figure 3-1 shows SFC to be 2.3 percent lower at AEDC. As received 
from WRC, with the initial fuel control unit installed, HP spool 
speed measured at AEDC was 310 rpm lower at the maximum continuous 
power lever command voltage. Even with the governed HP spool 
speed down, thrust was measured to be 4.3 percent better than at 
WRC for a given speed (Figure 3-2). This increased thrust is the 
result of a 450-rpm increase in LP spool speed (Figure 3-3). 
This increase has previously been noted with other engines tested 
at NAPC and AEDC with little attendant change in TIT or EGT. 
Such is the case of this engine (Figure 3-4). 

3.4.3.2 Sea Level, Mach 0.70, Standard Day 

Data for this flight condition is presented in Figures 3-6 through 
3-10. A detailed comparison with the performance calculated for 
the F107-WR-400 specification engine (Table 3-III) shows an 
excellent result, with cruise rating SFC 3.7 percent below the 
specification maximum value. The engine performance observed for 
this engine at Mach 0.70 is probably the best seen in the qual¬ 
ification test series. 

The reason for the outstanding performance characteristics observed 
cannot be identified due to the limited instrumentation installed 
on the engine. The engine speed match (Figure 3-8) was up 670 
rpm in comparison to that calculated for the specification engine. 
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Airflow (Figure 3-6 and Table 3 — 111) was 2.3 percent above the 
specification requirement but was within the 3.0 percent tolerance 
band allowed. The engine had an "open" (+2.0 percent) first tur¬ 
bine nozzle which would tend to drop the bypass ratio in comparison 
to the specification engine. 

3.4.3.3 Hot Day Mission Simulation 

The hot day mission simulation data are presented in Figures 3-12 
through 3-18. Data are compared to the specification requirements, 
running with bleed airflow, a 5.0-horsepower generator load, and 
inlet airflow distortion screen GD-1 installed. The engine was 
cycled over the mission profile shown in Figure 3-11. 

Engine performance was within limits throughout the test. Data 
are presented for testing with the original fuel control unit and 
with the replacement fuel control unit installed. The initial 
endurance cycle was terminated after 1.04 hours of run time when 
the fuel control unit ceased to respond to command voltage changes. 
A replacement fuel control unit was fitted to the engine and a 
trim check performed at the Mach 0.70, standard day condition. 
Trimmed HP spool speed was observed to be 150 rpm lower than had 
been recorded with the original fuel control unit; however, 
thrust was measured to still be 4.7 percent above the specification 
requirement at the maximum continuous PLA setting. This 150 rpm 
change in trimmed HP spool speed can also be seen in Figure 3-14. 
TIT at the maximum continuous rating (Figure 3-16) shows only 
minor variations throughout the hot day mission cycle. The 
highest calculated TIT recorded was 1820°F at a point 88 minutes 
into the mission. 

3.4.3.4 Cold Day Mission Simulation 

The cold day mission cycle was conducted according to the mission 
profile shown in Figure 3-19. The engine performance history is 
presented in Figures 3-20 through 3-26. Measured thrust (Figure 
3-20) was in excess of the specification maximum. Table 3-1 
shows a cold day SFC 9.0 percent below the value projected for 
the specification engine. 

The cold day mission cycle was completed successfully, the only 
irregularity being a facility failure to maintain inlet tempera¬ 
tures and fuel temperatures toward the end of the cycle. Figure 
3-54 demonstrates that the facility was not able to maintain the 
required inlet temperature during the high speed dash at the end 
of the cold day cycle; rather, that portion of the cycle was run 
at an inlet temperature of +15°F. 


Running at the above mentioned deviant temperature value, maximum 
continuous thrust was measured to be 1.5 percent above the specifi¬ 
cation requirement (Figure 3-20); however, the fuel control unit 
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was at the maximum fuel flow limit, which Figure 3-21 shows to be 
only 509 lbm/hr as calibrated. Had the engine been run at the 
required inlet temperature during the high Mach number dash seg¬ 
ment, the low fuel delivery rate from the fuel control unit would 
have restricted maximum continuous thrust to a value 1.5 percent 
below the specification requirement. Figure 3-28 demonstrates 
that, as calibrated, the fuel control unit was at the 509 lbm/hr 
maximum fuel delivery rate at a fuel temperature of -2°F. This 
is a value 15 lbm/hr below the lower recommended limit at that 
temperature. A maximum fuel delivery rate of 517 lbm/hr would be 
required for this engine to produce 100 percent thrust at the 
required inlet temperature. 

The F107 engine fuel control units are adjusted to a maximum fuel 
delivery rate somewhat lower than the specification engine fuel 
delivery limit of 550 lbm/hr. That procedure has been established 
because the fuel control unit is adjusted with calibration fluid 
at room temperature conditions. Cold fuel and high density fuels 
both tend to raise the maximum fuel flow limit. The fuel flow 
limit is established and must be maintained in order to protect 
the engine against overpressurization when operating at cold day 
inlet conditions. 

In Figure 3-28 it can be seen that Engine 828 at cold day con¬ 
ditions required 517 lbm/hr of fuel to attain maximum thrust. 
The pre-test calibration of fuel control unit S/N 1443454 (a 
replacement unit installed on the engine at AEDC, Ref. 3.3.2.2.1) 
demonstrated a maximum fuel delivery rate of 513.9 lbm/hr with 
the calibration fluid at 60°F. That value is slightly below the 
acceptance band. The post-test calibration of that fuel control 
unit demonstrated a maximum fuel delivery rate of 517.3 lbm/hr 
with 60°F calibration fluid. Those flow rates represent the 
individual calibration of fuel control unit S/N 1443454 and are 
not representative of all F107 engine fuel control units. 

Data for Engine 828, recorded late in the cold day mission cycle 
with both the engine and the fuel control unit heated up as a 
result of 4.8 hours of operation (Figure 3-28), indicates that 
with fuel temperature at 60°F, the fuel delivery rate at maximum 
power would have been 502 lbm/hr. This represents a reduction of 
11.9 lbm/hr when compared to the fuel control unit pre-test 
calibration. It is evident that heat soaking and thermal expansion 
have acted to depress the fuel delivery rate from the fuel control 
unit even though cold fuel is being supplied to the control. 

Total fuel temperature range calibrations of a cold F107 engine 
fuel control unit with a JP-9 fuel supply have demonstrated that 
a cold fuel control, when set to the lower maximum fuel delivery 
limit, will deliver 550 lbm/hr when supplied with -65°F fuel. If 
that same fuel control unit calibration flow rate was to be 
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raised 5 lbm/hr with 60°F calibration fluid, data extrapolation 
would indicate that the cold fuel control unit would deliver 555 
lbm/hr with the fuel supply temperature at -65°F. Note, however 
that the calibration flow rate being discussed is at or near the 
lower end of the specification flow rate tolerance band with 60°F 
calibration fluid. In a worst-case situation, with maximum fuel 
delivery at the upper tolerance limit, a fuel delivery of 570 
lbm/hr would be possible with a cold fuel control unit and a -65°F 
fuel supply temperature. That high of a fuel delivery rate would 
be unacceptable in that it could over-pressure the engine. 

3.4.3.5 Post-Mission Calibration at Mach 0.7, Standard Day 
Condition 

The pre- and post- mission simulation test calibration comparison 
is presented in the performance summary (Table 3-1). Performance 
changes were minimal with the SFC deteriorating by less than 0.5 
percent. Maximum continuous HP spool speed had decreased by only 
50 rpm which yielded a 0.7 percent loss in measured thrust. The 
post-test calibration demonstrated that the engine still met all 
performance requirements. 

3.4.3.6 Fuel Control Unit Performance 

The engine fuel control unit maintained governed HP spool speed 
within the specification limits at all times. Changes in governed 
HP spool speed as a function of inlet temperature are shown in 
Figure 3-27. The engine was trimmed at WRC to an HP spool speed 
of 62,610 rpm at an inlet temperature of 36°F. During the initial 
Mach 0.70 performance calibration at AEDC the engine ran at an HP 
spool speed of 62,550 rpm with a TIT of 1785°F. A slight drop in 
maximum governed HP spool speed, to 62,400 rpm, was noted during 
the hot day mission cycle but the engine still produced thrust in 
excess of the specification requirement. 

The fuel control unit was replaced after failing to respond to 
input voltage variations during the hot day cycle. The replacement 
fuel control unit was trimmed 150 rpm lower than the previous 
unit for Mach 0.70, standard day conditions. Note that with the 
replacement fuel control unit installed, the engine once again 
showed a drop in governed HP spool speed during the hot day 
cycle. The fact that the engine demonstrated a loss in governed 
speed with two separate fuel control units installed suggests 
that the phenomenon is more a characteristic of the engine than 
of the fuel control unit. 

3.4.3.7 IP Air Bleed System Performance 

The air bleed system on Engine 828 was capable of delivering the 
required airflow and pressure at all conditions tested. Test 
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results are presented in figures 3-29 and 3-30 which show the 
observed data for engine 828 in comparison to the F107-WR-400 
specification engine. The better-than-specification results ob¬ 
served on this engine are due to the high LP spool speed which is 
shown to be 700 rpm over that calculated for the specification 
engine at any given speed match. 

3.4.3.8 Start Analysis 

Engine 828 completed two successful cartridge starts to initiate 
the hot and cold day mission simulation tests. The start time 
history traces for these two starts are shown in Figures 3-32 
through 3-35. A comparison with the F107-WR-400 specification 
start requirements is shown in Figure 3-31. The test cell tempera¬ 
ture around the engine was not measured on the cold day start but 
with the 45 minutes required to condition the inlet duct tempera¬ 
ture to the required -9°F / it was felt that the cell ambient 
temperature was approaching -9°F immediately prior to the start 
attempt. 

3.4.3.9 Conclusion 

Engine 828 demonstrated compliance with the specification perform¬ 
ance requirements for the F107-WR-400 engine. The maximum contin¬ 
uous rating thrust exceeded the specification requirement except 
where restricted by the low maximum fuel stop setting in cold 
climates. A low maximum fuel delivery rate has been experienced 
on other qualification engines and it is emphasized that the fuel 
control units should not be set up to deliver less than 540 
lbm/hr at a fuel temperature of -65°F. For the F107-WR-400 
engine. Figure 3-28 shows that fuel delivery should not be less 
than 528 lbm/hr with RJ-4 fuel at -15°F. 

3.5 MECHANICAL ANALYSIS 

3.5.1 Teardown Inspection 

The post-mission simulation test, dirty and clean teardown inspec¬ 
tions indicated that no engine hardware had failed or was in 
danger of failure. Minor indications of light seal and shroud 
rubs were present and were considered normal for an engine having 
completed the run program accomplished with Engine 828/build 6. 

There were two items of significance noted during the teardown 
inspection. The first item was that one of the 13 balls in one 
of the accessory drive bearings had been reduced in diameter as 
shown in Figure 3-56. The other 12 balls measured normal and 
little or no distress was apparent in the bearing that contained 
the small ball. The other bearing of the pair appeared to have 
no damage and measurements appeared normal. No accurate estimate 
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of remaining service life is possible; however, there were no 
signs of progressive failure present. 

The second significant item was a greater than normal amount of 
foreign material present in the oil reservoir. Chemical analysis 
of the particles indicated that 440C stainless steel, bronze, 
aluminum, and 300 series stainless steel comprised the majority 
of the material observed. The particles were most likely carried 
by scavenge oil flow into the reservoir where they were separated 
out of the low velocity oil stream. Filtering in the oil supply 
system would have prevented any of the particles from being 
carried to the oil jets. There was no evidence of excessive 
contamination noted in the oil filter and the oil system appeared 
to have operated normally throughout the test program. 

3.5.2 Engine Operating Characteristics 

3.5.2.1 Oil Sample Analysis Data 

The oil sample analysis data presented in Table 3-V was derived 
from laboratory reports provided by AEDC (ref. Appendix G of this 
text) and is presented for information purposes only. 

3.5.2.2 Oil and Bearing Temperature Data 

The oil and bearing temperatures and oil pressures recorded 
during the testing at AEDC are compiled in Table 3-VII. No 
unusual trends can be observed from this information. Results of 
engine oil consumption tests are presented in Table 3-VI. 

3.5.2.3 Engine Vibration Data 

Engine vibration levels recorded during the testing at AEDC are 
presented in Table 3-VIII. No unusual indications or trends can 
be observed from this data. 

3.5.2.4 Fuel Control System 

The results of the pre- and post- engine test measurements on the 
fuel control unit, the fuel shutoff valve and the fuel control 
inlet air temperature sensor are shown in Appendix E of this 
text. The fuel control unit represented in these tests is the 
unit installed at AEDC (S/N 1443454) to replace the unit originally 
installed at WRC. 
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3.5.2.2 Oil and Bearing Temperature Data 

The oil and bearing temperatures and oil pressures recorded 
during the testing at AEDC are compiled in Table 3-VII. No 
unusual trends can be observed from this information. Results of 
engine oil consumption tests are presented in Table 3-VI. 

3.5.2.3 Engine Vibration Data 

Engine vibration levels recorded during the testing at AEDC are 
presented in Table 3-VIII. No unusual indications or trends can 
be observed from this data. 

3.5.2.4 Fuel Control System 

The results of the pre- and post- engine test measurements on the 
fuel control unit, the fuel shutoff valve and the fuel control 
inlet air temperature sensor are shown in Appendix E of this 
text. The fuel control unit represented in these tests is the 
unit installed at AEDC (S/N 1443454) to replace the unit originally 
installed at WRC. 
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AEDC Cold Day Maximum Continuous -9.0 98.6 1626 898 69260 

Mission, 600 
Feet (Dash) 
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TABLE 3-1I. ENGINE 828/BUILD 6, PERFORMANCE COMPARISON, WRC TO AEDC. 
(SEA LEVEL, STATIC, STANDARD DAY) 1 


I. 

At N 2 //0 = N 2 Test at +3.65 VDC to Fuel Control 
Thrust Fn/6 (100% FM min - INDICATE % FM) 2 

HP Speed N 2 /,/jT (63200 rpm max) 

WRC 

Actuator 

100.8 

62,610 

AEDC 

102.3 

62,300 


LP Speed N i/jQ (34755 rpm max) 

33,400 

33,390 


EGT EGT/6 (1130°F max) 

1020 

1009 


TIT/0 (1925°F max) 

1805 

1788 

II. 

At Fn/6 = Fm 

EGT EGT/6 (1130°F max) 

SFC SFC/6 *2 7 (100% SFCM max - INDICATE % SFCM) 3 

1010 

-3.4 

1035 

-5.7 


Airflow W-/0/6 (14.0 lbm/sec max) 

13.50 

13.60 


(13.19 lbm/sec min) 

HP Speed N 2 />/0 (63200 rpm max) 

LP Speed Ni/jQ (34755 rpm max) 

62,400 

33,200 

62,050 

33,050 


(31445 rpm min) 



III. 

At Fn/6 = 90% Fm 

EGT EGT/0 (1060°F max) 

935 

990 


SFC SFC/0 (97.4% SFCM max - INDICATE % SFCM) 

-2.7 

-5.7 


Airflow W-/0/6 (13.39 lbm/sec max) 

12.95 

13.0 


(12.61 lbm/sec min) 

HP Speed N 2 /VF (62883 rpm max) 

61,300 

60,900 


(60417 rpm min) 

LP Speed N i/Jb (33180 rpm max) 

31,800 

31,700 


(30020 rpm min) 



IV. 

At Fn/6 = 75% Fm 

EGT EGT/6 (960°F max) 

SFC SFC/0 •*]_ (94.1% SFCM max - INDICATE % SFCM) 

940 

-1.6- 

935 

-4.5 


Airflow W/-/0/6 (12.46 lbm/sec max) 

(11.74 lbm/sec min) 

HP Speed N 2 A/0 (60894 rpm max) 

12.00 

59,500 

12.05 

59,050 


(58530 rpm min) 

LP Speed Nj//0 (31080 rpm max) 

29,800 

29,600 


(28120 rpm min) 




1 WRC data corrected to sea level, static, standard day conditions. 


2 FM is minimum thrust at the maximum continuous rating at sea level 
static as specified in Table 1 of PID Spec 24235WR9501A SCN 010 
dated 17 October 1978. 

3 SFCM is maximum SFC at condition 1. 
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TABLE 3-111. ENGINE 828/BUILD 6, COMPARISON OF PERFORMANCE DATA WITH 
THE F107-WR-400 SPECIFICATION REQUIREMENT (SEA LEVEL, 
MACH 0.70, STANDARD DAY WITH 0.15 PERCENT BLEED AIRFLOW 
AND 5.0 HORSEPOWER GENERATOR LOAD) 
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Engine trim at WRC 62,610 rpm, thrust 641 lb (+0.9%) at 
maximum continuous with initial fuel control as installed 
at WRC. 
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-VIII. ENGINE 828/BUILD 6, ENGINE VIBRATION LEVELS RECORDED DURING TESTING AT AEDC 
(INDIVIDUAL TEST PERIOD CONTENT DETAILED IN TABLE 3-IX) 
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TABLE 3-IX- ENGINE 828/BUILD 6, QUALIFICATION TESTING AT AEDC, 
INDIVIDUAL TEST PERIOD CONTENT. 
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Figure 3-2. 


60 61 62 
HP SPOOL SPEED x 10‘ 3 ~ RPM 


Engine 828/Build 6, Net Thrust versus HP Spool Speed, 
Comparison of WRC and AFDC Data (Sea Level, Static, 
Standard Day) 
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Figure 3-6. 


NET THRUST - LBS 


Engine 828/Build 6, Airflow and Specific Fuel Consump¬ 
tion versus Net Thrust, AEDC Performance Calibration 
Data (Sea Level, Mach 0.70, Standard Day) 
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Figure 3-7 


Engine 828/Build 6, Net Thrust versus HP Spool Speed, 
AEDC Performance Calibration Data (Sea Level, Mach 0.70 
Standard Day) 
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Figure 3-15. Engine 828/Build 6, Time History of LP Spool Speed, Hot Day 
Mission Simulation (Various Flig’it Conditions) 













-16. Engine 828/Build 6, Time History of Turbine Inlet Temperature 
Hot Day Mission Simulation (Various Flight Conditions) 
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COLD DAY MISSION PROFILE F1Q7-WR-4QO S/N 828 M = 0.70 
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Figure 3-20. Engine 828/Build 6, Time History of Net Thrust, Cold Day Mission 
Simulation (Various Flight Conditions) 
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Figure 3-22. Engine 828/Build 6, Time History of HP Spool Speed, Cold Day 
Mission Simulation (Various Flight Conditions) 
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Figure 3-24. Engine 828/Build 6, Time History of Turbine Inlet Temperature 
Cold Day Mission Simulation (Various Flight Conditions) 
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Figure 3-25. Engine 828/Build 6, Time History of Exhaust Gas Temperature, 
Cold Day Mission Simulation (Various Flight Conditions) 
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26. Engine 828/Build 6, Time History of Engine Airflow, Cold Day 
Mission Simulation (Various Flight Conditions) 









Figure 3-27. Engine 828/Build 6, HP Governed Speed as a Function of Inlet 
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Figure 3-29. Engine 828/Build 6, Bleed Air System Performance, 
AEDC Performance Calibration Data 
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Figure 3-30. Engine 828/Build 6, Bleed Air System Performance,, 
Hot and Cold Day Mission Simulation Data 
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3-31. Engine 828/Build 6, Cartridge Start Times as Compared 
to Ambient Temperatures, Hot and Cold Day Mission 
Simulation Tests 
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Figure 3-33. Engine 828/Build 6, Time History of Start Cartridge 
Pressure, Hot Day Mission Simulation Cartridge Start 
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Figure 3-34. Engine 828/Build 6, Time History of Compressor Discharge Pressure 
LP Spool Speed and HP Spool Speed, Cold Day Mission Simulation 
Cartridge Start 
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Arbor (Overall View) 
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Figure 3-37. Typical F107 Engine Installation in Vibration Test Fixture 
(Front View) 
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-38. Typical F107 Engine Installation in Vibration Test Fixture 
{Rear View) 
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39. Typical F107 Engine Installation in Test Cell T-5 at AEDC 
























Figure 3-40. Typical F107 Engine Installation in Test Cell T-5 at AEDC 
(Closeup) 




























Figure 3-43. Graphic Presentation of PLA Settings for Terrain-Following 
Cycle No. 1 
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Figure 3-44. Graphic Presentation of PLA Settings for Terrain-Following 


























































































































CYCLE A/O. -3 

rows* s/v/vr 4A/e if fa*) serr/#es eo* rr/r/r*/# roiiowtm 
































































































































































































































Ill Williams Rasaarch Corporation 


CMEP 95-4120 
Report No. 79-106-39 



20 

IS 

o in 

o in 
r\j 

20 

15 

10 

5 

(G38IS30 - 

3HnSS3Hd 13TNI) 


nvni3v-3anssaad laiNi) 


Zd-0 


32d~V 


3-72 


A-15562 

Figure 3-48. Engine 828/Build 6, Time History of Inlet Pressure (Specification 
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Figure 3-49. Engine 828/Build 6, Time History of Test Cell Pressure (Specifi¬ 
cation Compared to Actual Values), Hot Day Mission Simulation 
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-51. Engine 828/Build 6, Time History of Fuel Temperature (Specifi- 
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Figure 3-52. Engine 828/Build 6, Time History of Inlet Pressure (Specifi¬ 
cation Compared to Actual Values), Cold Day Mission Simulation 
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Figure 3-55. Engine 828/Build 6, Time History of Fuel Temperature (Specifi¬ 
cation Compared to Actual Values) Cold Day Mission Simulation 













S/N 828 BLD6 POST QTII TEARDQWN 





Williams Research Corporation 



GC 

< 


o 


CC LU 
< > 
LU LU 
CD 00 


CMEP 95-4120 
Report No. 79-106-39 


$ 

r--. p*** 

cd *r 
ao -~ 

< 




O 

<b 

O 


O 



z o 
o * 


z z 
oc < 
<X. I— 

LU UJ 
CD OC 


3-80 


Figure 3-56. Engine 828/Build 6, Condition of Accessory Drive Bearings Ob¬ 
served During Post-Mission Simulation Teardown Inspection 
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APPENDIX A 

PRE- AND POST-TEST DIMENSIONAL DATA 


This Appendix is a compilation of pre- and post-test measurements 
on critical engine components. 


A-l 






Ill Williams Rasearch Corporation 


CMEP 95-4120 
Report No. 79-106-39 


r 





H 

in 

W 

55 

O 

i—i 



ID 













f'- 


rH 

CM 

CM 

O 


H 

tO 

Lf) 

in 

CO 


ro 

CM 

rH 

O 


o 

cO 

rH 

CO 

rH 

00 

CM 

CM 

fH 

to 

o 


O 

1 

2 


t-H 

CM 

LO 

ID 


LO 

CO 

O' 

00 

<D 

00 

CD 

00 

O' 

o 

O 

in 


ro 

CM 


H 


vO 

CTi 

O' 

r- 


CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

o 



v£> 

M3 

00 

to 


• 

• 

• 

• 

• 

♦ 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

Oh 

l—i 

Q 

rH 

iH 

rH 

H 

rH 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

rH 

rH 

CM 

CM 

rH 


H 

CO 

2 

O 

i—i 

CO 


CM 













00 

uo 

co 

CO 

CO 



w 

CO 

CO 

cr> 

CM 


rH 

CD 


M3 

oo 

M3 

oo 

M3 

CO 

M3 

00 

o 

o 

M3 

M3 

M3 



H 

2 


rH 

CM 

00 

M3 



oo 

CO 

CO 

oo 

00 

00 

00 

oo 

o 

o 



CM 

CM 

tO 

1 

w 

vO 

O 

a> 

r- 


CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

o 


•v* 

M3 

M3 

00 


2 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

s 

CO 

HH 

o 

rH 

i—f 

rH 

tH 

tH 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

rH 

rH 

CM 

CM 

rH 


— 

















Ed 

T7T 

"55“ 

o 

CM 

CM 



















o 

o 

LD 

vO 

LO 






o' 

rH 


o 


o> 

in 

O 

LO 

o 

m 

O 

LO 

o 

o 

o 

T}< 


CM 

CM 

CO 

H 

2 


rH 

CM 

m 

M3 



00 

CT> 

CO 

CD 

00 

CD 

00 

CD 

o 

o 

■v* 


VO 

vO 

vO 

2 

O 

M3 

CT« 

CD 

O' 

O' 

CO 

co 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

• 

• 

• 

• 

♦ 

• 

03 

►H 

l—l 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CM 

CM 

rH 

rH 

CM 

CM 

• 

os 

CO 

f—I 

r—1 

rH 

rH 

rH 

CM 

CM 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

\ 

\ 

\ 

\ 

\ 

\ 

rH 

PM 

2 

\ 

\ 

\ 

\ 

\ 

x 

X 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

o 

O 

LO 

in 

03 


\ 

w 

w 

CO 

O 

o 

in 

cd 

CD 

CO 


a> 


cr> 

r 

O' 


a> 

rH 

rH 

CD 

vO 

CD 


cD 

5 

§ 


CM 

CM 

in 

LO 



CO 

00 

co 

00 

oo 

oo 

oo 

00 

o 

o 



CM 

CM 

vO 

2 

l—i 

M3 

<T> 

cr> 


r- 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

o 


■vtf 

VO 

vO 

00 

CQ 

Q 

fH 

rH 

rH 

rH 

rH 

CM 

CM 

co 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CM 

CM 

rH 

fH 

CM 

CM 

rH 

tH 


CO 

< 

PQ 

< 

PQ 

< 

CQ 

< 

PQ 

CJ 

P 

w 

pH 

o 

2 

< 

PQ 

< 

CQ 

< 

CQ 

< 

w 

o 

o 

i—1 

rH 

CM 

CM 

CO 

CO 









vO 

LO 

r 

r-~ 

00 

00 

CD 

2 

2 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 









ID 






















P 























O 

X) 























p 












p 


p 








T3 

o 












o 


o 




a 




CQ 

p 

a 

















o 




rtf 

2 

o 

a 


Q 


P 


a 




p 


p 








2 

to 


HH 


l—l 


l—l 

a 

l—l 




03 


03 

p 



X 

p 





X) 






o 





CQ 


CQ 

o 



CQ 

l—l 



>i 

rH 

CQ 

X) 


X) 


X 


X 


p 


CQ 


CQ 




rtf 


Q 


PQ 

rtf 

rtf 

P 


3 


3 

X 

3 


o 

p 

3 

p 

3 

X 



2 

X 

O 


rtf 

03 

2 

o 


O 


O 

CQ 

O 



l—l 

OS 

l—l 

OS 

CQ 




S3 



2 

CO 


P 


P 


P 

rtf 

P 


p 





XI 



rH 

O 

T> 

Q 



- -- 

PQ 

a 

PQ 

a 

2 

2 

2 


03 

rH 

rH 

rH 

rH 

2 



rtf 

>-l 

CQ 

HH 

P 

p 

2 

if) 

o 

to 

o 

C/3 


to 


CQ 

rtf 

rtf 

fd 

/B 




03 


rtf 


0) 

03 

CQ 









CQ 

0) 

03 

03 

0) 

rH 


a 

in 

CO 

2 

X3 

O' 

O' 

O 

X) 

XJ 

XJ 

X 

X 

2 

X 

P 

3 

to 

C/3 

C/3 

to 

aj 


l—i 




P 

CQ 

CQ 

P 

CQ 

CQ 

c 

CQ 

CQ 

2 

CQ 

1—1 

C3S 





03 



rH 

rH 

>i 

O 

■H 

*H 

Ut 

rtf 

m 

ITJ 

rtf 

rtf 

< 

rtf 



CQ 

CQ 

CQ 

CQ 

C/3 


X 

PQ 

rtf 

PQ 

P 

rH 

rH 

" — - 

2 

2 

2 

2 

2 


2 

rH 

rH 

o 

O 

O 

O 


a 

3 

rtf 

03 

rtf 

2 

C/3 

C/3 









rtf 

rtf 

2 

2 

2 

2 

t>1 

w 

O 

2 

03 

2 

C/3 



2 

2 

XJ 

X 

X 

X 

2 

2 

03 

03 

p 

P 

P 

P 

2 

H 

P 





T) 

T) 

01 

01 

CQ 

CQ 

p 

P 

2 

2 

C/3 

to 

rtf 

rtf 

rtf 

rtf 

aj 

tj 

2 

2 

+J 

1-1 

rH 

CQ 

CQ 

rH 

rH 

CM 

CM 

CO 

CO 





u 

u 

CJ 

U 

2 

u 

to 

4-1 


rtf 

rtf 

•<H 

••H 









CQ 

CQ 






CQ 


< 

< 

03 

03 

PQ 

PQ 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

O 

O 

rH 

rH 

03 

03 

2 

03 

rH 



in 

C/3 

03 

03 

rtf 

rtf 

o 

rtf 

rtf 

rtf 

<tf 

rtf 

2 

2 

rH 

rH 

O' 

O' 

2 

2 

rtf 

P 

(-1 



PQ 

CQ 

03 

03 

03 

03 

03 

03 

03 

03 

P 

P 

rtf 

rtf 

P 

P 

< 

1—1 

<u 

O 

O 

2 

2 



C/3 

C/3 

C/3 

C/3 

to 

to 

to 

to 

rtf 

rtf 

s 

e 

rtf 

m 



03 

to 

133 

CQ 

CQ 

rH 

rH 









u 

u 

C/3 

to 

2 

2 

03 

w 


10 

CO 

O 

O 

rtf 

rtf 

2 

2 

2 

2 

2 

2 

2 

2 







CQ 

CQ 

CD 

a) 

0) 

M 

P 

03 

03 

2 

2 

2 

2 

2 

2 

2 

2 

O' 

O' 

O' 

O' 

O' 

O' 

•H 


p 

p 

p 

b. 

b. 

to 

CO 

< 

< 

< 

< 

< 

< 

< 

< 

p 

p 

p 

p 

P 

P 

2 

o 

PQ 

CQ. 

CQ. 













CO 

co 

CO 

co 

CO 

CO 

P 

H 


e 

e 

P 

P 

p 

p 

P 

P 

P 

P 

P 

P 

P 

P 







3 


CO 

o 

o 

03 

a> 

03 

03 

03 

03 

03 

03 

03 

0) 

03 

03 



in 

in 

in 

in 

Eh 

E 


cj 

u 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 








w 

• 



P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

• 

s 

• 

• 

• 

• 

X 

£h 

o 

a. 

P4 

03 

3 

P 

P 

P 

3 

3 

3 

3 

3 

3 

3 

o 

o 

o 

o 

o 

o 

CQ 



29A 1.866/1 

















Ill William* Raaaarch Corporation 


CMEP 95-4120 
Report No. 79-106-39 


Eh Z 
co O 

W l-H 

Eh co 
I Z 
Eh W 
CO £ 
O 

a Q 




Lf> 


(SI 


co 








o 


SO 


CM 

CO 


O' 

r- 

CT> 

U0 

rH 

o 

sO 

rH 

LO 

o 

rH 


CM 

(SI 



10 

LD 

sO 

rH 

CN 

O 

o 

o 

O 

0> 

co 

rH 

05 

rH 

sO 

(SI 

r- 

05 

ro 

CM 

00 

00 

00 

CM 

(SI 

O 

o 

o 

O 

* 

o 

O 

o 

CO 

O 

o 

O 

O 



. 

. 

. 

o 

• 

• 

\ 

• 

* 

• 

• 

\ 

* 

• 

rH 

H 

rH 

rH 

f—1 

o 

o 

o 

o 

f" 

o 

o 

z 

o 

sO 

o 

o 

Z 

O 

o 


Eh 

CO 

z 

o 

r-l 

st 

sO 

ID 

st 

sO 

(SI 

r- 

si* 

LO 

O 

00 

o 

Id 

cn 

v0 

SO 

SO 

(SI 

(SI 

o 

o 

Eh 

z 

00 

CO 

CO 

(SI 

(SI 

o 

o 

| 


• 

• 

* 

• 

• 

• 

• 

a 

JQ_ 

_a_ 

rH 

rH 

rH 

rH 

rH 

o 

o 


f- 

o st 


o Z o r- 


so 

in 

rH 

rH 

sO 

sO 

o 

rH 

cn 

in 

cr> 

in 

o 

rH 

O 

sO 

CO 

o 

o 

CO 

m 

o 

o 

o 

CO 

o 

rH 

o 

o 

o 

o 

o 

o 

SO 

o 

o 

o 

o 

o 












^-s 

CO 



CO 



o 




o 

c 

c 




CO 

r- 






X 

o 


0> 

IS. 

CO 

st 

o 

cn 

(N 

m 

St 

O 

o 

Eh 


sO 

vO 

sO 

CN 




X 

rO 

o 


Cn 

o 

rH 

rH 

• 

in 


o 

o 

z 

z 

z 

o 

00 

m 

00 

(SI 



X 

03 

a 

♦ 

w 

G 

• 

o 

o 

o 

co 

O 

rH 

• 



r—♦ 

b-t 



• 


+ 1 


3 

0 

•v” 

o 

a 

cd 

o 

• 

• 


* 

• 

• 

o 



P5 

cn 




rH 



0 



\ 

& 

X5 

\ 

o 

o 

+1 

SO 

O 

O 

1 




z 

\ 

\ 


\ 

in 

in 



in 

in 


O 

SO 

\ 



\ 


\ 

\ 

4-1 


w 


vO 

V0 

sO 


st 

o 

rH 

*H 

CM 

(N 

ID 


co 

CO 

SO 

CO 

rH 

o 

10 

o 


4-> 

D 


10 

<0 

SO 

CM 

CN 

o 

o 

o 

rH 

o 

(N 

X 

(N 

o 

O 

o 

sO 

(N 

sO 

iH 

cn 

UH 

p 

♦—« 

00 

00 

CO 

CN 

CM 

o 

o 

o 

o 

o 

sO 

rd 

o 

o 

o 

o 

00 

O 

O 

o 

•rH 

0) 

CQ 

P 




• 



« 

• 


• 

a 

a 

a 

• 

• 

• 

• 

• 

• 

• 

05 

bl 



rH 

rH 

rH 

rH 

rH 

o 

o 

o 

o 

O 

o 


o 

o 

o 

O 

SO 

O 

O 

O 

+ 



a 

4 

CQ 

< 

CQ 

< 

CQ 


<C 

CQ 

< 

CQ 

u 





< 




< 



Id 

o 

<n 

o 

O 

rH 

rH 


(SI 

CN 

CO 

CO 

CO 



cn 

«H 

(N 

st 

m 

10 

10 

C^* 


cd 

z 

(SI 

oo 

CO 

co 

CO 


CO 

CO 

CO 

co 

00 


co 

CO 


st 

<t 

St 


st 




co a 










G 





a 


0) 

> 




G 


G 











0) 





G 


CQ 

OJ 




0) 


3 









4-> 


G 





O 



CQ 




> 


rH 






Q 



3 


G 





Oh 


IG 





O 


CQ 






i—i 



z 


*H 





G 


O 

4h 




u 






P 

Q 



a 



a 





3 



O 










>—1 

O 

XI 


n 

CQ 


CO 





rH 


G 





G 


G 






3 

a 


P 







CQ 


OJ 

G 




OJ 


3 




XI 

X) 

O 

o 

X) 



G 







CO 

OJ 


G 

0) 

G 


a 




3 

G 

G 


3 

A 


O 





G 



CO 


O 

CJ 

G 


G 




o 

ITJ 

x: 

•a 

O 

4-1 


<4H 





3 


X 



tfl 

G 

3 


G 




G 

P 

CO 

G 

G 

-H 







In 


o 

01 


w 

3 

CQ 


CQ 




£5 



(d 

x: 










A 

G 


OJ 

G 







10 

r — f 

rH 

p 

CO 



u 





G 


G 

-G 


G 

3 

O 


O 

H 




3 

3 



4-> 


3 





G 


3 

Cn 


9< 

OJ 

G 


G 

CU 



rH 

a> 

ai 

rH 

rH 

o 


In 



>1 


rH 


OJ 

G 


a 

i—l 




(U 



3 

co 

co 

rd 

rd 

rH 





rd 




o 

W 


o 

U 

G 


G 

a 



ai 



ai 

0) 

-H 


4-> 



rH 


G 





u 


OJ 


OJ 




CO 

>. 


CO 

CO 

CQ 


G 



CQ 


OJ 


d 

G 



OJ 

cn 


Cn 

d 




XI 

J0 





0 


03 



<D 


*?H 

-H 

<d 

CQ 

o 

G 


G 

o 


Q 


<3 

rd 

>1 

>1 

a 


G 


rH 

rH 

G 

? 




H 

a 

3 

-G 


G 

■rH 


w 

X) 

p 

P 

XI 

X) 

r-1 


In 


CQ 

3 

X! 

G 


X5 

s: 

CQ 


oh 

1—I 


rH 

w 

>1 

Eh 




rd 

rd 




T3 


■G 

cn 

OJ 


W 

U3 


i 

X 

CO 


CO 

H 

rH 

U 

P 

4-> 

4-> 

P 

P 

G 


G 

01 

X3 

X) 

•G 

CQ 


3 

rd 

X) 


o 




0) 

G 

Id 


G 

G 



rd 


3 

3 

G 

3 

01 



rH 

rH 

G 

3 

3 

1 


1 

G 

O 

ou 

G 

O 

O 

■G 

4-> 

In 


In 

& 

Id 

05 

? 

OJ 


.X 

x; 

Id 

-H 

CQ 




G 


in 

>*H 

>H 

G 

G 

G 




G 




o 


u 

o 


p 


OJ 


OJ 


G 

Z 

< 

In 

Cm 

0 

O 

4-> 


G 

O 

Cn 

cn 

cn 

G 


3 

3 

cn 


G 

u 


o 


0 

t-H 




G 

G 

W 


w 

Eh 

G 

c 

G 

3 


CQ 

CQ 

C 

a 

O 

G 


G 

►js 

■ H 


0) 

a> 

0) 

in 

In 

rH 


i—r 


■H 

*G 

•G 

G 




-H 

*rH 

W 

3 


3 

d 

H 

w 

c 

c 

G 






G 

G 

G 

G 

3 


G 

G 

G 

Eh 

Ifl 

G 


G 

rH 

rd 

CQ 

•rH 

-rH 

-H 

cn 

Cn 

G 

T3 

G 

3 

3 

3 

3 

OJ 


3 

3 

3 


OJ 

W 


W 

a- 

G 


A 

X) 

X) 

G 

G 

o 

01 

O 

Z 

OJ 

0) 

OJ 

rH 

G 

0) 

OJ 

0) 

G 

G 

H 


G 


Jh 

o 

G 

G 

G 

CQ 

CQ 


3 



CQ 

CQ 

CQ 

u 

O 

O 

O 

CQ 

OJ 

9* 

Q 


P 


o 

EH 

3 

3 

3 



4-> 

O 1 

G 

XI 





G 




rH 

e 


0) 


4 



Eh 

Eh 

Eh 

sO 

sO 

3 

G 

3 

G 

rH 

rH 

rH 

1—1 

3 

rH 

rH 

CO 

rH 

o 

«H 

m 

rH 


d 

£ 






O 

O 

O 

■H 




3 

G 

0) 

0) 


<U 

o 

rd 

o 

3 

H 

•-G 

Id 

XJ 

T3 

T3 

• 

. 

G 

Eh 

G 


a 

. 

• 

-G 

CO 

> 

> 

. 

Qi 


-H 

z 

-H 

c 


Eh 

c 

G 

G 

O 

o 

3 


3 


O 

o 

o 

X 


OJ 

OJ 

o 

B 

£5 




& 


t-H 

(SI 

co 

co 

z 

z 

05 


05 


z 

z 

z 

< 


CQ 

CQ 

Z 

b-k 

S 

< 


< 

f-4 















REF BLUEPRINT PRE-TEST POST-TEST 


William* Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 




R 2 


















co O 


















u >-« 









a 

a 








R CO 


CN 

CN 



CO 

CO 

n 

CN 

CO 





o 



I 2 


rH 

CO 


n 

CM 

CN 

CN 

CN 

CO 



CN 




rH 

R W 


a 

o 


rH 

o 

o 

o 

o 

a 

ro 


O' 


in 


CN 

co S 


• 

« 


• 

• 

• 

« 

• 

• 

CO 


• 


• 


• 

O l-H 


o 

o 


o 

o 

o 

o 

o 

o 

T — 1 


rH 


o 


rH 

Pm P 


















2 


















R O 


















CO H-4 






LO 

LO 

LO 

LO 

r- 








W CO 


00 

in 


CO 

CO 

CO 

co 

CO 

ro 





ro 


o 

R 2 


cr> 

CO 



CM 

CN 

CN 

CN 

ro 





a 


rH 



U"> 

o 


rH 

o 

O 

o 

o 

a 

O' 


ro 


LO 


CN 

u § 


• 

• 


• 

• 

• 

• 

• 

• 

a 


• 


• 


• 

OS HM 


o 

o 


o 

o 

O 

o 

o 

o 

rH 


rH 


o 


rH 

r a 























Lf> 





o 







CN 



oo 



CO 





ro 





3 


O' 

R 2 


o 



m 





CO 



3 


' rH 


ro 

2 O 


o 



rH 





a 



-H 


e 


rH 

RH RH 


• 



• 

4-1 

4m 

4M 

4M 

• 



e 

3 

X 

3 

• 

OS co 


o 



o 

a> 

03 

03 

03 

o 



X 

-rH 

a 

•H 

r-H 

PM 2 


+1 



X 

os 

OS 

03 

OS 

X 



e 

s 

4a 

E 

X 

W W 


X 



LO 





in 

R 


ai 


rH 

--’ 

O' 

P £ 


a 

r~ 


a 

ro 

CO 

CO 

CO 

r- 

<3 


rH 




00 

rJ R-< 


O' 

CO 


CO 

CN 

CN 

CN 

CN 

ro 





in 


00 

pa o 


LO 

o 


rH 

O 

o 

O 

O 

a 

O 


00 


CO 


rH 



* 

• 


• 

• 

« 

• 

• 

• 

if) 


• 


• 


• 



o 

o 


o 

o 

o 

o 

O 

o 

CN 


rH 


o 


rH 

Cm 



< 



o 

p 

c > 

p 


a 







u o 


CO 

cn 


o 

rH 

rH 

CN 

CN 

O' 

O 


r-H 


CN 


CO 

OS 2 





LO 

LO 

Lf) 

LO 

in 

a 

a 


a 


a 


a 






















03 
















03 


O' 








3 








O' 


T3 








Ml 








c 


w 



P 


p 



V 








rd 





X 

P 

X 

P 


P 


R 








Ml 



O' 

X 

O' 

X 


P 


<1 


R 




U-* 


a; 

03 


■rH 

O' 

'H 

O' 


rd 




<3 






p 

a 


a3 

■H 

03 

- rH 


R 


cn 






O' 


3 

-H 


R 

ai 

a 

0J 




> 


• 




p 


o 

43 



a 


a 


<■8 




U) 




£ 



Mi 


T3 


TJ 





5 


> 






v 

3 


rd 

TJ 

rd 

T) 


R 


o 






Ml 


p 

R 


R 

rd 

R 

rd 


< 


rH 


5 




0) 


rd 




R 


R 




Cm 


O 




c 


rH 

R 


P 


P 



S 




rH 




IM 


R 

E 


03 

P 

03 

P 


o 


1 


Cm 




3 





03 

V 

03 

03 


rH 








pa 


•H 

4-1 


U-* 

V 

Cm 

0) 


Cm 


0) 


1 






Ml 

O 



Cm 


Cm 


'-* 


4a 




Ml 


4-1 


R 



P 


P 





3 


03 


o 


o 



p 


3 

Ml 

3 

Ml 

03 

P 


R 


4a 


in 





3 


o 

rd 

O 

fd 

3 

CO 




3 


m 




O' 

o 


Ml 

V 

Mi 

4) 

■rH 

03 




R 


03 

Q 

u 


3 

Ml 


t-l 

OS 

Cm 

OS 

lQ 

R 


rH 




Ml 

W 

rd 


• rH 

U4 






Ml 



CM 


>1 


Q, 

R 

CQ 


3 



1 

1 

| 

1 

3 

S 


CM 


rH 


s 

U 


rH 

ai 

1 






R 

O 


3 


CM 


o 

W 

i 

rd 

a 



O' 

O' 

O' 

O' 


r-H 


LO 


CM 


C-> 

R 


03 

o 

03 


3 

3 

3 

3 

TJ 

Pn 




3 



00 

03 

CO 


o 


-H 

■rH 

-H 

-H 

Ml 



r-H 


CO 


R 

2 

o 


Ml 

3 


Ml 

Ml 

Ml 

Ml 

CO 

T3 


-rH 




a 

RH 

c 

4M 

03 

3 


PM 

CM 

CM 

CM 


rH 


o 


r-H 




(0 

O 

> 

Mi 


CO 

CO 

CO 

CO 

4M 

o 




-rH 


MM 

u 

p 


3 

03 






O 

4m 

a 

03 


o 


o 

R 

w 

X 

O 

43 


O' 

O' 

O' 

O' 


-rH 

CM 

rH 






-H 

u 

P 

rH 

£ 

Ml 

Ml 

Ml 

Ml 

rd 

3 

CM 

N 


O' 


rd 

o 

Q 

<C 


CJ 


PQ 

PQ 

a 

a 

-rH 

rd 


N 


C0 


-rH 

R 


as 

Ml 


OP 





P 

£ 

O 

O 


a 


P 


rH 


a; 

rH 




in 

a 



o 

2 





£ 

rd 

o 

3 

rd 

p 





03 

rH 

sr 



Ml 


4) 

W 

-H 

p 

u 

*H 

rd 

• 

• 

• 

• 

Ml 

03 


-O 


rd 


SM 

R 

x 


3 



O 

O 

o 

o 

O 

3 

p 

3 


03 


o 

RH 

-3 


R 

3 


2 

2 

2 

2 

a 

Pn 

rd 

CN 


OS 


a 


A-5/A-6 Blank 





















Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 




N 


t 


APPENDIX B 

F107-WR-400 RUN PROGRAM NO. QT21 
6 NOVEMBER 1979 

ADDENDUM NO. 1 TO 
F107-WR-400 RUN PROGRAM QT21 
15 NOVEMBER 1979 

ADDENDUM NO. 2 TO 
F107-WR-400 RUN PROGRAM QT21 
25 MARCH 1980 

ADDENDUM NO. 3 TO 
F107-WR-400 RUN PROGRAM QT21 
7 APRIL 1980 


1 







Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 



Williams Research Corporation 


7 November 1979 


CMEP 1-0773 


Department of the Air Force 
Aeronautical Systems Division 
Wright Patterson Air Force Base 
OH 45433 

Attention: YZET/Charles Hutcheson 

Subject: Transmittal of F107-WR-400 Run 

Program No. QT21 to Arnold 
Engineering Development Center (AEDC) 

Gentlemen: 

Attached are two copies of "F107-WR-400 Run Program No. QT21,” 
dated 6 November 1979 pertaining to Mission Simulation Endurance 
Qualification testing to be performed on Engine No. 828 
scheduled for January 1980. This run program is being provided 
as a guide and supplement to the Qualification Test Plan CMEP 
91-4043G, Report 78-145-8, 18 October 1979, Approval Copy Version 
(QTP) to aid in performing the test. The QTP should be referred 
to for detailed information and to complete the "definition of 
testing" requirements. X am forwarding this run program to you 
for your review and transmittal of a signed copy to J. Fergus 
at AEDC upon your acceptance of the QTP and the attached run 
program. 

Sincerely, 

WILLIAMS RESEARCH CORPORATION 

F. L. Sole 

Sr. Development Engineer 
FS/el 

cc: Letter and Attachment 

R. Lewis 
J. Fergus (AEDC) 



R. B.- Balsley 
Program Manager 


Letter Only 


P. Wood 
R. Stephens 
B. Beckett 


R. Liposky 
D. Merry 
R. Conley 


Attachment 


iilO WEST MAPLE ROAD. WALLEO LAKE, MICHIGAN • 

* « « » coot it* ii i i m ■ twi no. ii* * > * ■ t • • t 


B-2 







Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 


F107-WR-400 RUN PROGRAM NO. QT21 
6 November 1979 


1.0 GENERAL INFORMATION 

1.1 Increment Title 

F107-WR-400 Phase II Qualification Testing 

1.2 Increment Category 

1.2.1 Environmental vibration test per PID specification 
(Reference A) paragraph 4.6.4.13.2 and WR-400 QT plan 
(Reference B) paragraph 3.3.3. 

1.2.2 Mission simulation endurance qualification test on 
RJ-4 fuel per PID specification (Reference A) paragraph 
4.6.3.2g and WR-400 QT plan (Reference B) paragraph 3.2.4. 

1.3 Objective of Test 

1.3.1 The objective of the environmental vibration test is 
to demonstrate that the F107-WR-400 engine is capable of 
successfully completing an environmental vibration test as 
defined in paragraph 4.6.4.13.2 and 3.3.3 in the PID spec¬ 
ification and wr -400 QT plan respectively. 

1.3.2 The objective of the mission simulation test is to 
demonstrate that the F107-WR-400 engine is capable of 
successfully completing a mission simulation endurance test 
with simulated terrain following as defined in paragraph 

4.6.3.2g and 3.2.4 in the PID specification and WR-400 QT 
plan, respectively. 

1.4 Test Schedule 

The anticipated calendar testing period is 7 January 1980 
through 31 January 1980. 

1.5 Test Article Configuration 

The engine to be tested will be engine No. 828 which is a 
Model No. XF107-WR-400 engine P/N 1029110-108 with OPEVAL and 
QT instrumentation. 

Paragraphs 2.1 and 2.2 of the WR-400 QT plan (Reference B), 
the specific parts list and top assembly and basic assembly 
drawings submitted to the using service and test facilities 
should be referred to for any further information required 
relative to the test article definition. 
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1.6 Teat Cell Configuration 

The standard test cell configuration used for the F107- 
WR—400 FSD testing will be used. Capability for performing 
simulated launch starts using both air crank and pyrotechnic 
cartridge, and the pop start valve is required. 

Williams Research Corporation (WRC) supplied engine IP bleed 
measuring station as shown in Figure 1 will be used. Detailed 
requirements concerning cell configuration and facility 
support requirements are provided in the WR-400 qt plan 
(Reference B), Section 2.6. 


1.7 Security 

Security is as specified in Cruise Missile Classification 
Guide OPNAVINST S-5513.2 of 25 January 1979. 

1.8 Engine Operating Limits 

The engine operating limits are defined in the table below. i 

Two sets of values are given for each parameter. Should the 
engine reach the Column A value, the on-site WRC representative 
is to be informed immediately. No further action is to be 
taken unless the WRC representative deems it necessary. 

Should the engine then reach the Column B value, the engine 
is to be shut down immediately. 


Parameter 

LP Rotor Speed 

HP Rotor Speed 

EGT Avg Steady State! 

EGT Ind Steady Stat ej 

EGT Ind During Start 

11 Brg Temp* 

#2 & #3 Brg Temp 
#4-5 4 #6 Scav Oil Temp 
Oil Pressure (Min) 

Oil Pressure (Max) SS 
Vibration Inlet** 

Vibration Triax** 

Vibration Rear Hsg** 


A 


B 


Advise WRC 
Representative 

ST'ffwr 


Shut Engine Down 
38,000 rpm 
65,000 rpm 


rpm 

64,000 rpm 
(Graph to be provided with engine vs 
(Jnlet Temperature 
QTP Fig 3-3 


300°F 
450°F 
450°F 


1700 F 
350°F 
525°F 
525°F 


40 psig 
120 psig 
15 g's rms 

15 g's rms 

50 g's rms 


30 Steady State 
200 psig 
30 g's on any 
two channels 
30 g's on any 
two channels 
No Limit 


♦Bearing temperature limits in Column B are to be compared 
to the coldest reading when two readings are available. 


••Correlation of control room monitor vibration readings 
and the actual engine location and direction of the 
accelerometer (i.e., radial, tangential or axial) being 
read is required. 
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1.9 Governing Documents 

In the event of conflict between this document and the 
qualification test plan, the contents of the qualification 
test plan shall be considered a superseding requirement. Items 
^2 and 40 on the test summary sheets are an exception to this. 

2.0 INSTALLATION 

2.1 Installation requirements are defined in paragraph 3.2.4 
of the wr-400 qt plan (Reference B). 

3.0 DATA ACQUISITION 

3.1 Instrumentation 

The engine instrumentation requirements are as shown on the 
attached instrumentation requirements sheets and Table 2-IV 
and Appendix B of the WR-400 QT plan (Reference B). 

3.2 Data Required 

Data acquisition requirements are as defined in paragraph 
3.2.4.6 and 2.6.3 of the WR-400 QT plan (Reference B). 

Steady state data during the mission simulation is to be 
taken for those items indicated by Table 3-1 of reference 
B. 


3.3 Data Reduction Requirements 

The current T-5/F107 Data reduction program will be used 
to compute engine performance. The value of the turbine 
flow parameter is TBD. All other engine constants currently 
being used in the data reduction program remain unchanged 
except exhaust nozzle angle value and direction must be 
compatible with the F107-WR-400 engine nozzle. A second 
calculation of engine performance will be required using 
theta » (T2/518.67) 0.67 for fuel flow correction. Plots of 
data required are specified in paragraph 2.73 and Tables 2-V 
and 2-VI of the WR-400 QTP. A calculation of turbine inlet 
temperature will be required also. 

4.0 TEST PROCEDURE 

4.1 Test Sequence 

Due to the nature of these tests, they must be run in 
the sequence given on the attached test summary sheet. 












I 


III Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 


P107-WR-400 Run Program Mo. QT21 
6 Movambar 1979 
Page 4 


4.2 Oil Consumption 

Oil consumption shall be determined before, during and after 
the mission simulation endurances. The consumption before 
and after the endurance shall be computed during the pre and 
post calibrations, items 16 and 40 respectively on the 
attached F107-WR-400 test summary sheets. Oil consumption 
during the mission simulation endurances shall be determined 
after items 29 and 37 on the test summary sheet. The 
"Drain and Weigh* method will be used to compute these 
consumptions. MIL-L-23699 oil will be used in the engine 
main oil tank. 

4.3 Environmental Vibration 

The environmental vibration test is to be performed as 
defined in paragraph 3.3.3 of the WR-400 QTP (Reference B). 
This test is to be completed prior to shipping the engine 
to AEDC. 

4.4 Initial Engine Start and Checkout 

Upon completion of the engine installation in the test 
cell, the fuel system is to be purged of air and pres¬ 
surized per Appendix H of the WR-400 QT plan (Reference B). 

Engine is to be operated as defined in Appendix C, paragraph 
8.0, of the WR-400 QT plan (Reference B) in order to check 
out all instrumentation hook-ups and perform an engine 
trim check. 

4.5 Engine Calibration Under Simulated Flight Conditions 
(Pre-endurance Calibration) 


The pre-endurance calibration is defined in paragraph 2.7.3 
of the WR-400 QTP plan (Reference B) and is to be completed 
as part of the testing defined by paragraph 4.4 of this 
run program. 

4.6 Hot and Cold Day Mission Simulations 

After completing paragraph 4.5 above, perform the high 
and low temperature mission simulation test as defined 
in paragraph 3.2.4 of the WR-400 QT plan (Reference B). 
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4.7 Poet-Endurance Calibration 

The post-endurance calibrations are defined in paragraphs 
3.2.4.8 and 3.2.4.10 of the WR-400 QT plan (Reference B) 
and are to be completed as part of the testing defined by 
paragraph 4.6 of this run program. 


Reference: A. Prime Item Development Specification 

24235WR9501A, December 1978 

B. Qualification Test Plan CMEP 91-4043G 
Report No. 78-145-8 18 October 1979 

Approval Copy Version 
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Figure X- Engine 828 IP Bleed Measurement System. 
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ATTACHMENT No. 1 

Engine S/N 828 Oil Consumption Measurement 


The following procedure is intended to give a good measurement 
of oil consumption during the portions of testing on engine 
S/N 828 indicated in the following table: 





Oil 

System 



Required 

Summary Sheet 

Test 

Engine 

Engine and 

Oil 

Type 

Item No. 

Description 

only 

Aux Tank 

Encf 

Aux 

X 

16 

Pretest Calib 

X 


* 


X 

27-29 

Mission Sim Hot 
Recertification 

X 


* 


X 

35-37 

Mission Sim Cold 
Endurance 

X 


* 


X 

40 

Recalibration 
Base Line Check 

X 


* 



*Oil type is MIL-L-23699 


The table specifies when checks are required and whether check is 
only using engine oil system or both engine and the auxiliary oil 
system. Oil types that will be used in the main tank and the 
auxiliary oil tank are indicated in the above table. For each 
consumption run, it will be necessary to document the specific 
gravity of the oil in the engine before and after the run in 
order to accurately compute consumption in gallons per hour. 

These specific gravity checks should be made after the oil has 
cooled to approximately 75°F. All oil drained from the system 
is to be retained and returned to WRC with the' engine. Each 
container is to be tagged as to which part of the engine it 
was drained from, date drained, and time drained. 

Detailed procedures for computing consumption using engine oil 
system only and engine and auxiliary oil systems together are 
provided below. In calculating the oil consumption for the 
test using the methods defined below, care must be taken to 
determine the exact amount of oil*.'put in the engine and drained 
from the engine. For example, if the oil is put in a beaker 
or graduate for easier pouring into the engine, that beaker 
or graduate should be weighed clean, with the oil in it and 
after the oil has been poured into the engine. It takes very 
little oil clinging to the container to alter the measurement. 
Some rough checks indicate that 2-3 grams cling to the container 
every time it is used, and this can represent 10 to 15 percent 
of the oil usage during a 20 minute run. 
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1.8.12 Determine the volume oik oil in the engine it the 
beginning of t^e test from the weight in 1.5.5 and the'v 
specific gravit^from 1.5.5. Recora^___gallonV. 


1.8.13 


Determine\the volume of oil lk the engine oil 


k at the end of the test from 1.8.4 and 1.8.5. 


1.8 
the en< 
either 


Determine the volume of oil in the 2y,3 cavity at 
the test from 1/^.6 and the specific'gravity from 
.6 or 1.8.5. Record gallons. 



1.8.15 
( 1 . 8 . 10 ) + ( 


the volume ot oil consumed duringsjtest. 
12) - (1.8.13) - f^.8.14). Record results, 
ons. 


1.8.16 DeterminW the oil consumptiohyrate in gal/hr from' 
engine run time Xrecord X and the oil consume 

Lt. d kl/hr. 

NOTE : Before operating engine agaiX. be sure 
engineShas been serviced wsfch oil. 


2.0 OIL CONSUMPTION MEASUREMENT - Engine System Only 


2.1 The procedure for performing an oil consumption check 
using the engine oil system only is defined below. Steps 2.1.1 
through 2.1.5 must be completed within 30 minutes of shutdown 
following an engine run equivalent as a minimum to the warm 
up run defined in attachment no. 2. 


2.1.1 Drain the engine oil tank and the 2-3 cavity for 
eight minutes if not already drained. Replace the oil tank 
and gearbox drain plugs. 


2.1.2 Weigh the empty container that will be used to add 

oil to the engine. Record weight _. 

2.1.3 Add 825 ml of the oil specified by the table above 

to the container and weigh the container with the oil in it. 
Record weight _. 

2.1.4 Pour the oil from the container into the engine oil 

tank. Then weigh the container and record weight _ 

2.1.5 Determine the amount of oil added to the engine by 

subtracting 2.1.4 from 2.1.3. Record _. Measure 

specific gravity of oil from the batch of oil used. Record 
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2.2 Perform the engine run during which oil consumption is to 
be measured. 

2.9 The following steps are necessary to determine oil consumption 
after completing 2.2 above. 

2.3.1 Weigh the container that the oil will be drained into 

and record the weight . 

2.3.2 At 10 minutes after shutting the engine down, begin 

draining the oil from the engine. Drain both the oil tank and 
the 2-3 cavity into the container. Drain for eight minutes, 
weigh the oil and the container. Record weight_. 

2.3.3 Subtract the weight of the container 2.3.1 from the 

weight of the oil and container 2.3.2 to obtain the weight of 
the oil drained. Record weight _. 

2.3.4 Subtract the weight of the oil drained from that of 

the oil added in 2.1.S to determine the weight of oil consumed. 
Record _'_. 


2.3.5 From the weight of oil consumed 2.3.4, the specific 

gravity of the oil 2.1.5, and the engine run time, calculate 
the oil consumption rate in gal/hr. Record _ . 

2.3.6 Install the drain plugs in the oil tank drain and the 
2-3 cavity drain. 

2.4 MOTS : Before operating engine again, be sure engine 

has been serviced with oil. 


jb/hr9 


B-18 






Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 


ATTACHMENT NO. 2 
ENGINE WARM OP RON 

I 

5 September 1979 
Page 1 of 1 

1. Service engine oil system, it required, per direction of WRC. 

2. Air start to idle. 

3. Run 2 minutes at idle while checking engine health parameters. •. 

1 

4. Accel to (OK n 2 - run 6 minutes minimum. 

5. Decel to idle - run 2 minutes cooldown. 

6. Shut down. 

7. Drain engine oil - minimum drain time is 8 minutes to assure 
thorough draining. 

jb/hr9 
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CMEP 1-0786 


Department of tha Air Force 
Aeronautical Systems Division 
wright-Patterson Air Force Base 
OH 45433 

Attention: VZET/Charlea Hutcheson 

Subject: Transmittal of F107-WR-400 Addendum 

No. 1 to F107-WR-400 Run Program No. 

QT21 to Naval Air Propulsion Center 
(NAPC) 

Gentleman: 

Attached are two copies of "Addendum No. 1 to F107-WR-400 
Run Program No. QT21," dated 15 November 1979. This addendum 
pertains to addition of oil tank pressure instrumentation to 
and revisions to engine operating limits for engine No. 329. 

I am forwarding this addendum to you for your review and 
transmittal of a copy to R. Burns at NAPC upon year acceptance 
of it. 

Sincerely, 

WILLIAMS RESEARCH CORPORATION 


F. L. Sole 

Sr. Development Engineer 


mr/mrl 

cc: Letter and Attachment: 

R. Lewis 
R. Burns (NAPC) 



R. U. Ojlslcy / 
Program Manager 


Letter Only: 

P. Wood D. Best 

R. Stephens D. Merry 
B. Beckett R. Conley 


Attachment(s) 


li*« WIST MAFIC A O A 0 . WAIKO LAKE. 

ARC* COOC III I 1 4 | J t 0 • T w 1 NO 


MICHIGAN . 4 I 0 t I 

• 10 11] t S | i 
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ADDENDUM NO. 1 TO 
F107-WR-400 RUN PROGRAM NO. QT21 
15 November 1979 


Reference: F107-WR-400 Run Program No. QT21, dated 

6 November 1979 


The purpose of this addendum is to provide further definition 
to the testing required on Engine No. 828. The testing is to 
be performed as defined in the above reference with the 
following exceptions: 

1. The following instrumentation is added to the instrument¬ 
ation requirements and is to be read by a facility transducer. 


Control 

Parameter Total No. Total No. Range Steady Trans- Rocm 

Designation Symbol of Rakes of Probes Min Max State ient Monitor 


Pressures (PSIA) 

Oil Tank Pressure PTANK 1 1 0 40 / / / 


2. In paragraph 1.8, Engine Operating Limits of reference A, 
the following engine operating limits are revised to the values 
indicated below or added as indicated below. If not listed 
below, the limit remains as cited in reference A. 


Parameter 


A 

Advise WRC 
Representative 


Revised: 


#1 Brg Temp* 

12 4 #3 Brg Tenp 
♦4-5 4 #6 Scav Oil 
Oil Pressure (Min) 
Oil Pressure (Max) 
Vibration Inlet 

Vibration Triax 


300 ^ 

450°F 
Taip 450°F 

40 psig 

SS 120 psig 

15 g's rms 

15 g's rms 


Added: 


B 

Shut Ebqine Down 


350°F 

525°T 

525°F 

30 psig Steady State 
200 psig 
30 g's on any 
two channels 
30 g's cn any 
two channels 


Oil Tank Pressure 


Graph to be provided with engine 
Versus correc t ed If rotor speed 
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•Bearing temperature limits in Column B are to be compared to 
the coldest reading when two readings are available. 

3. Items 1-2 above are exceptions to paragraph 1.9, Governing 
Documents o £ reference A. 

mr/mrl 


* 
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Williams Rasaarch Corporation 


2S March 1980 


CMEP 1-0935 


Department of the Air Force 
Aeronautical Systems Division 
Wright-Patterson Air Force Base 
OH 45433 

Attention: YZET/Charles Hutcheson 

Subjecti Transmittal of F107-WR-400 Addendum 

No. 2 to F107-WR-400 Run Program No. 

QT21 to Arnold Engineering Development 
Center AEDC 

Gentlemen: „ 

Attached are two copies of "Addendum No. 2 to F107-WR-400 
Run Program No. QT21," dated 25 March 1980. This addendum 
deletes environmental vibration test requirements for engine 
No. 828-6 to be tested in April 1980. X am forwarding this 
addendum to you for your review and transmittal of a copy 
to J. Fergus at AEDC upon your acceptance of it. 

Sincerely, 

WILLIAMS RESEARCH CORPORATION 

F. L. Sole 

Senior Development Engineer 
mr/ha2 


Attachment(s) 

cc: Letter and Attachment: 

B. Cockshutt 
R. Lewis 
J. Fergus, AEDC 


t t i • WIST MAPLE * O A 0 • WALLED LAKE. MICHIGAN • 4(0(1 

» • ( I t 1 1 I III I I I ■ I I I I ' T W ■ NO. 414 14 4.1141 



Letter Only: 

P, Wood 
B. Beckett 
D. Merry 
R. Conley 
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ADDENDUM NO. 2 to F107-WR-400 
RUN PROGRAM NO. QT21 
25 March 1980 


Reference: A. F1Q7-WR-400 Run Program No. QT21, dated 

6 November 1979. 

B, Addendum No. 1 to F107-WR-400 Run Program 
No. QT21, dated 15 November 1979. 

The purpose of this addendum is to provide further definition 
to the testing required of engine No. 828-6 during April 1, 1980 
through April 15, 1980. The testing is to be performed in its 
entirety as defined in the above references, including a cart¬ 
ridge start at the beginning of each cycle. Exceptions to the 
definition are as follows : 

1. Paragraphs 1.2.1, 1.3.1, and 4.3 and Item No. 12 on the 
Test Summary Sheet of Reference A which pertain to the 
environmental vibration portion of the qualification test 
are deleted. 

2. Item No. 1 of this addendum is an exception to paragraph 
1.9 Governing Documents of Reference a. 


rar/ha2 
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Williams Research Corporal io 


9 April 1980 


CMEP 1-0951 


Department of the Air Force 
Aeronautical Systems Division 
Wright Patterson Air Force Base 
Ohio 45433 

Attention: YZET/Charles Hutcheson 

Subject: Transmittal of F107-WR-400 Addendum No. 3 to 

F107-WR-400 Run Program No. QT21 to Arnold 
Engineering Development Center (aedc) 

Gentlemen: t 

Attached are two copies of "Addendum No. 3 to F107-WR-400 Run 
Program No. QT21," dated 7 April 1980. This addendum pertains 
to replacement of the fuel control and continuation of the QT 
Phase XX WR-400 mission simulation test on Engine No. 828 that 
was terminated on 2 April 1980. 

X am forwarding this addendum to you for your review and trans¬ 
mittal of a signed copy to J. Fergus at AEDC upon your acceptance 
of it. 


Sincerely, 

WILLIAMS RESEARCH CORPORATION 

F. L. Sole 

Senior Development Engineer 
l8/tc2 

Letter and Attachment 
cc: B. Cockshutt 
R. Lewis 
J. Fergus, AEDC 


R. B. Balsley S 

Program Manager 


Letter Only 
P. Wood 
B. Beckett 
R. Conley 


llto WIST limt *010 . WALLED LAKE. MICHIGAN . 11011 


AftCA COOK It) III.IIM • T W I MO 119 I ] » - I « I I 
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ADDENDUM NO. 3 to F107-WR-400 
Run Program No. QT21 
7 April 1980 


Reference A: F107-WR-400 Run Program No. QT21, dated 
6 November 1979 

B: Addendum No. 1 to F107-WR-400 Run Program 
No. QT21, dated 15 November 1979 

C: Addendum No. 2 to F107-WR-400 Run Program 
No. QT21, dated 25 March 1980 


The purpose of this addendum is to provide further definition 
for the testing of Engine No. 828 currently installed in cell 
T-5 at AEDC. Testing was terminated on 2 April 1980 due to a 
lack of engine response when a change of power level was commanded. 

The fuel control was removed and is to be replaced. The test is 

to be continued as defined in the above references with the following , 

exceptions. 

1. The replacement fuel control and a set of ignitors shall 
be vibrated on another engine as defined in Paragraph 4.3 of 
Reference A prior to being installed on Engine No. 828. 

2. Upon completing installation of replacement fuel control, 
the engine is to be started to idle and a leak check performed. 

Repair leaks as required. 

3. After completing Step 2, check engine trim by performing 
a slow accel to 4-3.65 VDC PLA or engine operating limits (whichever 
occurs first). This shall be performed at Reference A test 
summary sheet Item 16 conditions (SL/0.70 standard day with 5.0 
shaft horsepower extraction, bleed, and a clean inlet.) 

4. After Step 3, adjust engine trim if necessary (reference A 

test summary sheet Item 17) to HP Speed « 62,550 * ? nn rpm 

at 4-3.65 VDC at SL/.70 standard day with 5.0 shaft horsepower 
extraction, bleed and a clean inlet. 

5. After Step 4, perform a three point engine calibration 
(Reference A test summary sheet Item No. 16 except perform only 
top three power settings) taking two data points at 4-3.65 and 
only one data point at each of the other two power settings. 











Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 


Addendum No. 3 
7 April- 1980 
Page 2 


6. After Step 5, at the same flight condition and engine 
loads as Step 5, perform a rapid accel - decel from -7.15 to 
-1-3.65 to -7.15 VDC PLA with a 60 second stabilization period 

at -1-3.65 to ensure speed at >3.65 is repeatable (within ±75 
RPM of trim speed). Adjust engine trim accordingly if required 
until speed is repeatable. 

7. After Step 6, replace ignitors with those that were 
vibrated in Step 1. Also Inspect engine for fuel and oil 
leaks and repair leaks. If repairs are required, perform a 
check run after completing the repairs (Item 24 of Reference A 
test summary sheet). 

8. After Step 7, perform a final leak inspection if a 
check run was performed and service oil system if no further 
check runs are required. (Item 25 of Reference A test summary 
sheet.) 

9. After Step 8, perform the mission simulation test 

as defined in the above references from reference A test summary 
sheet Item 27 through 41 except a compressed air crank start 
in Item 27 shall be made instead of a cartridge start since 
a cartridge start was already performed for that item on 
2 April 1980. 

10. Steps 1 through 9 of this addendum are exceptions 
to Paragraph 1.9 Governing Documents of reference A. 

Is/mb2 
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DEVIATIONS AND WAIVERS 
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Reference: Woodward Governor: 


Request for Deviation No. WG-D-002 


Woodward Governor Company, supplier of the Flo7 CME Main Fuel Control 
Units, WRC P/N 23850 and 23860, requests approval to rework their 
Conduit Assy, P/N 5439-062 by applying electroless nickel plating 
per MXL-C-26-74, Class 1, Grade A (.001 thick) to the two end fittings, 
reidentify the assembly as P/N S39-70, and substitute for the P/N 5439- 
066 Conduit as P/N 5439-70, and substitute for the P/N 5439-066 Conduit 
Asay specified on their 8061-007 and 8061-009 parts list3. 


77" wtco ►-<>• ocv 1 4f«on/« a«v<* ” ~ - 

The primary need for the proposed deviation concerns the F107 Component 
Qualification Phase of the 23850 and 23860 Fuel Control Units which is 
currently on stop. The 5439-70 Conduit Assy will be a rework of the 
present 5439-062 Conduit Assy with electroless nickel plating applied 
to the Type 410 cast and Type 416 wrought stock ends, both of which 
evidenced corrosion during qualification humidity testing. The action 
taken to correct the corrosion problem was to change the materials from 
Type 410 cast and 416 wrought stock to Type 347 stainless steel cast 
and machined ends. 

(continued on Attachment A) 
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ATTACHMENT A Request for Deviation 

NO. WRC D-002 

BLOCK 446 DESIGNATION FOR DEVIATION 

a. MODEL/TYRE - This deviation is applicable to Engine Models; 
F107-WR-1G1, F107-WR-102, and F107-WR-400. 

b. SYSTEM DESIGNATION - This deviation is applicable to Systems 
designated; AGM-86B, AGM-109, and BGM-109. 

BLOCK 24 NEED FOR DEVIATION (continued ) 

The secondary need concerns continuation of the FCU Component 
Qualification Test (currently on stop) and utility of available 
hardware. 

Complete conduit assemblies and end fittings of Type 410 and 
Type 416 stainless steel are available for rework for all the 
FCD's presently on order. The electroless nickel will provide 
the corrosion protection required by the specification. Inter¬ 
changeability is not affected. 

Approval to implement the rework and use of existing hardware 
will permit resumption of component qualification testing and 
deliveries without further schedule delays, and thus provide 
sufficient lead time to accomplish the incorporation of Type 347 
corrosion resistant stainless steel end fitting for subseqnent 
production follow-on. 

BLOCK 25 PRODUCTION EFFECTIVITY BY SERIAL NO. 

F1Q7-WR-L01 S/N E000321 thru E000342 

F107-WR-102 S/N E000101 thru E000122 

F107-WR-400 S/N E000701 thru E000758 
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JOINT CRUISE MISSILES PROJECT OFFICE 
WASHINGTON. O.C. IOJCO 


IN REFIT REFER TO 

JCM-850:JR 
Ser 823 

} is Sti- T97n 


From: Contracting Officer, Joint Cruise Missiles Project 

To: Williams Research Corporation, Walled Lake, MI 48088 

'/la: DCASO, Williams Research Corporation, Walled Lake, MI 48088 

Subj: Contract N00019-78-C-0206, F107 Engine, Deviation - 001 and -002, 
PCOL-E-78-138 


1. Subject deviations have been'reviewed and are approved contingent upon 
WRC's acceptance of the cost/price which is "to be negotiated” at not 
greater than zero cost to the Government. 


Copv co: 

WPAFB (ASD/TZ107) 
Local WRC Rep 




;u.v, , . . . . - 

nr; Officer 


JCruii 



JSAF 

Project 
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Allow parts to be fabricated to casting print requirements, except 
use (347 SST), 03-221 (Plate, Sheet & Strip) or C03-222 (Bars, Wire), 
in lieu of configured casting, (.347 SST) 03-241 (Investment Casting) 
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activity no. 
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William* Research Corporation 

2280 W. Maple Rd., Walled Lake, MI 43083 


IHPl 


See Attac 



*■ -M COOC 
i 24235 


THMocnac i' mi 
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Spark Ignitor Traceabilit 


Turbofan Engine 


• « o* **•' «e iMI* *• 

Engine Asaembl 


■d*l! lLil-OXI^* IMIUC-iA 




N/A 


II tot »o. 

N/A 


No Effect 


ii. OCtCRiRTlQM Of 04VIATIOW/VAivtll 


Allow use of serialized, nontraceable ignitors in engines remaining under 
the FSD Program. 


The vendor, Champion Spark Plug Co., has notified williams Research that 
they will not provide traceability for their igniters. The vendor states 
that it would be difficult to undertake a traceability system for just 
on* igniter type and that their present inspection system combined with 
the testing required by the WRC igniter procurement specification is 
sufficient to supply a quality product. 


See Attachment A 
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ATTACHMENT A 

D-051 

BLOCK 24:_PRODUCTION 


4a/4c/10/16 


MOB.SWIYPS 

SYS SESXg EMG P/N 

CLIN 

ENG 

-sza „ 

XF107—WR-101 

AGM-86B 

1022951-106 

0002AA 

325 


XF107-WR-101 

AGM-86B 

1022951-109 

0002AA 

1, 

(TBD) 

XF107-WR-101 

AGM-86B 

1022951-110 

0006AK 

326 


XF107-WR-101 

AGM-86B 

1022951-111 

0002AA 

400 

- 402 

XF107-WR-101 

AGM-36B 

1022951-115 

0012AA 

326 


XF107-WR-102 

AGM-109 

1023700-102 

0002AA 

105 


XF107-WR-102 

AGM-109 

1023700-108 

0002AA 

1, 

(TBD) 

XF107-WR-102 

AGM-109 

1023700-109 

0002AA 

200 

- 202 

YF107-WR-102 

AGM-109 

1023700-111 

000 2AN 

122 

1 

XF107-WR-400 

BGM-109 

1029110-107 

0012AA 

706 


XF107-WR-400 

BGM-109 

1029110-100 

0002AJ 

815 


XF107-WR-400 

BGM-109 

1029110-106 

0002AA 

1, 

(TBD) 

XF107-WR-400 

BGM-109 

1029110-108 

0002AA 

826 

- 829 

XF107-WR-400 

BGM-109 

1029110-111 

0012AA 

706 


YF107-WR-400 

BGM-109 

1029110-100 

0002AC 

314 


YF107-WR-400 

BGM-109 

1029110-101 

0002AC 

722 


YF107-WR-400 

BGM-109 

1029110-109 

0002AC 

723 

- 756 

YF107-WR-400 

BGM-109 

1029110-110 

0002AC 

816 

- 822 
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Waive Bearing Traceability Requirements 

NO 
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See Attachment A 


mnnaniT 


T|. « MO. 

N/A 
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Nona 
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Allow uaa of bearing listed on Attachment A. These bearings are 
serialized, but do not have full traceability. 


*See Attachment A 


24 WHO *0* Of VI AnOM/WAtVC* 


The bearings were purchased with no traceability requirements. Sub¬ 
sequently, the Government directed WRC to provide fully traceable 
bearing, a requirement which can not be met with current engine test 
and delivery schedules. All bearings purchased after this lot of 
bearings shall have full traceability or, at the Governments request, 
this requirement would be dropped. 
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10 November 1978 
WRC Waiver W-036 
ATTACHMENT A 

Blocks 3, 16 J. ISrEARINGS at ^ (RECEIVING INSPECTION) 
OR DUE TO BE RECEIVED 


■xa i 

Data 

Vendor 

PO 

Amt 

Data Rac'd 

Chq ] 

27099 

3/29/77 

MRC 

91813 

263 

9/5 

A 

27099 

3/10/78 

MRC 

99864 

68 

8/21 

A 

27099 

11/11/77 

MRC 

97022 

77 

3/17 

A 

290S6 

11/21/77 

BARDEN 

97039 

99 

7/20 

NC 

290S6 

11/21/77 

BARDEN 

97040 

10 

7/26 

NC 

19301 

4/13/77 

MRC 

91849 

44 

4/5/78 

B 

19301 

10/4/77 

MRC 

• 96302 

288 

3/21/78 

B 

19301 

11/12/77 

MRC 

97023 

65 


B 

22988 

11/12/77 

MRC 

97024 

78 

7/11 

NC 

23372 

12/11/77 

FAFNIR 

97095 

20 

9/6 

NC 

290S6 

11/21/77 

BARDEN 

97039 

99 

7/20/78 


290S6 

11/21/77 

BARDEN 

97040 

35 

8/18/78 


27100 

1/21/77 

MRC 

39108 

7 

7/20/78 


27066 

3/17/78 

BARDEN 

99892 

9 

6/12/78 


29477 

10/14/77 

BARDEN 

99332 

70 

5/24/78 


29477 

10/26/77 

BARDEN 

96377 

10 

7/25/78 


29651 

2/13/78 

BARDEN 

98565 

52 

8/25/78 


29652 

10/22/77 

BARDEN 

96359 

75 

6/15/78 


29845 

12/12/77 

BARDEN 

97083 

25 

8/31/78 


27099 

6/15/76 

MRC 

83310 

3 

8/31/78 


27099 


MRC 

89107 

4 

8/31/78 


27099 

11/11/77 

MRC 

97022 

33 

8/31/78 


27100 

11/11/77 

MRC 

97021 

75 

8/31/78 


22098 

9/19/77 

SPLIT BB 

94280 

65 

8/21/78 


22098 

3/25/77 

SPLIT BB 

91813 

5 

8/21/78 


23383 

2/6/78 

SPLIT BB 

98626 

25 

9/1/78 


22988 

11/12/77 

MRC 

97024 

13 



22098 

11/17/77 

SPLIT BB 

97030 

25 



23371 

1/23/78 

FAFNIR 

98578 

20 



23410 

1/25/78 

NEW HAMPSHIRE 98610 

50 



29843 

2/1/78 

NEW HAMPSHIRE 98611 

20 



BLOCK 

A: XF107- 

WR-400 

BLOCK ( 

Z : BGM-109 



YF107-WR-400 AGM-86A 

XF107-WR-101 AGM-109 

TF107-WR-101 

XF107-WR-102 

TF107-WR-102 


WRC Spec 

P-7420 

P-7420 

P-7420 

P-7410 

P-7410 

P-7410 

P-7410 

P-7410 

P-7410 

P-7420 

P-7410 

P-7410 

P-7420 

P-7420 

P-7420 

P-7420 

P-7410 

P-7410 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7410 

P-7420 

P-7410 

P-7420 

P-7420 
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tCQUttT fo» ocvi*Tio«/w*iyea 
<Ht oh hi /w» tysrwcrioM, 


9 *TC MVMCO 


imocuft'MO activity no 


i oiiQMMrdi **m« mo aoomss 

Williams Research Corporation 
2280 W. Mapla Rd*, Walled Lake, MX 


J2^Januar^^£79 


48088 


4. PCS I GNAT low ro* OCVI*TIQN/WAIVEW 


a. M0CCL'*Y»t 


k. af» COM 

24235 


C. SYS. OC9I6- 


7 5^tC 1 £ l CAT i QMS Af f CCTEO « TEST HAN 


4. NTIMIKI W 




f. f tfT 1** 


IMC./OOC. M 0. 


N /A 


S SAM UNC t/MCUD 

□ niNC- I—l*u.o. 

TIQHAC l XkATCD 


ILL: 


5- 


’□ MINOS a MAJO* □ CSITICm. 


□I 


OTMC* SYSTOrt/CONrIGU- 

SAriON It®* asrccTco 


□ y «» 3" 


» oa.WINGS tfteCTED 


N/A 


Waive Bearing Traceability Requirements 


n wTOTTrmB rmranrecsTO- 

See Attachment A 

1_ 


l*. CO NO. 

N/A 

II MMC» «0. 

N/A 

14. 0CFCCT CLASSIFICATION 

Qninoo PHna^s Q cm tic*. 


IT. LOT NO. 

N/A 

mm 

11 m.\ 'ITT."1 '\TTKl 1 ■ 1 ’I'TTTTTT-W^ 

IlSHHHpISni 

16 unn « rstfTwwizt 

None 

li iarignTHf tMiifig uwirrgTnrjnTt. 

i». ifwicr oi 

None 

N 0CL 1 VMV U 

M0UL( 


None 


n. KKiima or o(«irnowMt«u 

Allow use of bearing listed on Attachment A. These bearings are 
serialized, but do not have full traceability. 


See Attachment A 


See Attachment A 
Ref: WRC-W-036 


1. w!6 ro* OCVi.riOM/o.ivci 


The bearings were purchased with no traceability requirements. Sub¬ 
sequently, the Government directed WRC to provide fully traceable 
bearing, a requirement which can not be met with current engine test 
and delivery schedules. All bearings purchased after this lot of 
bearings shall have full traceability or, at the Governments request, 
this requirement would be dropped. 


a *«OOvc: '»* tinc'v- %r “ 

FSD Engines as allocated to stock depletion. 




/ 17 ARMOVAI./ 

nr 


23 1ANOVM. MCOMCNOCU^^' 

Ifl 

a 

SB wamij* 

^O^AA#«OYC0 

*. 3S^EEH^ A^f.vIfV ~ J m ' 1 

0 O*S- <*s XC- *-/z«,J 7 f 

fe 

1st 

miasm 

/ OATC ” 
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ATTACHMENT A 
W-042 

BLOCK 23: DESCRIPTION OF DEVIATION/WAIVER 

Waiver 036 was approved 17 November 1978 permitting the use of 
bearings which were serialized but did not have full traceability. 
At the time of submittal, we thought we had accounted for all 
contingencies. However, we have located 5 lots in MRB and have 
been informed by one of our vendors that they have 2 lots for 
delivery made from parts overrun of a previously delivered order. 
The particulars are as follows: 


A. BEARINGS ROUTED TO MRB 





P/N 

VENDOR 

P.0. 

AMT 


DATE REC’D 

WRC SPEC 

27100 

MRC 

73112 

22 


8/26/77 

P-7420 


27100* 

MRC 

39108 

7 


8/12/78 

P-7420 


27100* 

MRC 

89108 

3 


9/7/78 

P-7420 


27099* 

MRC 

83310 

73112 

114 


8/26/77 

P-7420 


27099* 

MRC 

83310 

48 


8/26/77 

P-7420 


27099 

MRC 

99864 

S8 


8/21/78 

P-7420 


27099 

MRC 

99864 

47 



P-7420 


3. BEARINGS FROM 

OVERRUN 

PARTS 





P/N 

DATE 

VENDOR 

P.O. 

AMT 

DATE REC'D 

CHG LTR 

WRC SPEC 

27075 

5/2/78 

Barden 

101847 

20 

— 

C 

P-7420 

27066 

5/2/78 

Barden 

101343 

11 

— 

C 

P-7420 


* These bearings not serialized will be returned to vendor for 
serialization. 


BLOCK 10: CONTRACT NO. AND LINE ITEM 


N00019-78-C-0206 


CLIN 0002AA 
0002AB 
000 2AC 
0002AD 


CLIN 0002AE 
0002AH 
0002AK 
0002AL 


CLIN 0002AM 
0002AN 
0002AR 
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•fount ros ocvurioa/Mivta 
iai ct m xm ixtmenaai 

9«rc PRCf/mtp 

POOCUO'NO ACTIVITY NO. 


5 July 1979 



i Miai9»<M M aoMtSI 

Williams Research Corporation 

2280 W. Maple Rd., Walled Lake, MI 48088 


a. UOO«l/TV»t a. COM 

See 81k 23 24235 


N00019—78-C-0206 




Turbofan Engine 


Oil Cooler 


None 


N/A 18 


183 


23. OCfCftlPTt QM Of OKVIAT lOH^OAlVC* 

Allow use of P/N 23748 oil coolers listed on Attachment A. Th 
oil coolers are serialized, but do not offer full traceability 


(see Attachment A) 


(Ref: IRR 180786) 


(3ee Attachment A) 


msB 


ini 
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ATTACHMENT A 
W-090C1 

BLOCK 23: DESCRIPTION (continued) 


S/M TTS791297H 
TT5791900H 
TT5791290H 
TT5791287H 
TT5791901H 
TT5791296H 
TT5791294H 
TT5791904H 
TT5791902H 


TT5791292H 

TT5791286H 

TT5791291H 

TT5791293H 

TT5791905H 

TT5791289H 

TT5791903H 

TT5791288H 

TT5791295H 


MODEL NO. 


SYSTEMS DESIGN 


CLIN 


XF107-WR-102 
YF107-WR-102 
XF107-WR-400 
YF107-WR—400 


AGM-109 

AGM-109 

BGM-IQ9 

BGM-109 


0002AA 
0002AN, AR 
0002AA 
0002AC 


BLOCK 24: NEED FOR DEVIATION/WAIVER 


As a result of a change in the manufacturing source, traceability 
on the units identified above, was not maintained. These units 
were in the process of fabrication when Waiver-082* was submitted. 
At that time, unit S/N's were not available, therefore, it was 
not possible to include the above 18 units with W-082*. 

Midland-Ross/Janitrol, the new supplier, has implemented corrective 
action for units which will be manufactured completely by them in 
the future. 


* (W-082 traceability of oil coolers) 


C-13/C-14 Blank 
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APPENDIX D 
VIBRATION TEST DATA 


This appendix is a graphic presentation of data observed during the 
environmental vibration testing related to Engine 828/builds 4 and 
6 at Bendix Aerospace Systems Division - Ann Arbor, Michigan. Two 
types of curves are presented. One type is the sinusoidal vibra¬ 
tion sweeps performed to identify the resonant frequencies to be 
used for the 30-minute constant level vibration inputs required 
along the lateral and vertical axes of the F107-WR-400 engine. The 
second type of plot shown represents the power spectral density 
(PSD) curves obtained during the 30-minute random frequency vibra¬ 
tion inputs along the three major engine axes. 

The material presented herein is divided into four sections. The 
first section contains the specification power spectral density 
(PSD) curve for the F107-WR-400 engine. This specification curve 
may be used in evaluating the PSD curves representing the random 
frequency vibration testing completed on Engine 828. No specifi¬ 
cation curve exists in reference to the sinusoidal vibration sweeps 
as these surveys were run primarily to identify test points for the 
30-minute constant input level vibration tests. 

The second section presents a chronology of events and the vibra¬ 
tion curves obtained during the initial vibration test series, run 
on 4 January 1980. 

The third section presents a chronology of events and data obtained 
during the second complete vibration test series performed with 
Engine 828. This second series was run subsequent to discovery of 
the fact that the first test series had inadvertently been per¬ 
formed without an airframe generator installed on the engine. It 
is required that all accessories and components be installed on 
qualification vibration test engines. This test series was per¬ 
formed on 14 January 1980. 

The fourth section is a presentation of events and data curves 
obtained during the vibration testing of fuel control unit S/N 
1443454 (installed on F107-WR-400 Engine 704 as a test vehicle). 
This fuel control unit was subsequently shipped to AEDC to replace 
the fuel control unit which had failed on Engine 828 during the hot 
day mission simulation cycle. The S/N 1443454 unit was subjected 
to the complete environmental vibration test requirement while at 
Bendix Aerospace. 


D-l 
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SECTION I 


SPECIFICATION POWER SPECTRAL DENSITY CURVE 
FOR THE F107-WR-400 ENGINE 








PSD (G 2 /H 2 ) 
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SECTION II 


A chronicle of events and the vibration test curves obtained during 
the initial vibration test series, which was conducted on 4 January 
1980. 
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TEST SEQUENCE 



J Q. 
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figure f 
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VIBRATION LEVELS - JPKP07 

F~, ' 7 -.</ 'f 4-crV 
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SECTION III 


A chronicle of events and the test curves obtained during the 
second vibration test series, conducted on 14 January 1980. 
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SECTION IV 


A chronicle of events and the test curves obtained during the 
conduction of F107-WR-400 specified environmental vibration tests 
on fuel control unit S/N 1443454. 
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V I I I A Tl O N LEVELS 


Item: Ct/'G C ,^^7- a/#- Serial Number: 7^/ 

Te't Omte: ^L/>>a Input Axis: 

Response Axis: ,^-^r 
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Figure 3 


RANDOM VIBRATION SPECTRUM 
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Figure jf. 


RANDOM VIBRATION SPECTRUM 
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Test Item; U&tC- f<-/a7- u/*-- SN: 
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VIBRATION LEVELS 
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Serial Number: 76</ 

Input Axis: ( yj 
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APPENDIX E 

PRE AND POST-TEST CALIBRATION DATA FOR THE FUEL CONTROL 
UNIT AND FUEL SHUTOFF VALVE 


This appendix contains pre- and post-test calibration data for the 
fuel control unit and fuel shutoff valve used on Engine 828/ build 
6 during the hot and cold day mission simulation tests. The fuel 
control unit represented here (S/N 1443454) is the unit installed 
on the engine at AEDC as a replacement after the failure of the 
fuel control unit originally installed on the engine. 
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MOEUARO GOVERNOR COMPANY TEST SPECIFICATION FOR 33209 - FUEL CONTROL 
MIL-C-7024 Typ* II Calibrating Fluid 


Casa No. 




w.c. s/n 


W.G. Order— ~ 


Cuatcmar: williams Research 


Contract No.: 


Woodward P/N 


3061-056 


williams ?/N 


362L0 


Dat a \°i T asted lX.C?aL'*L. 


1.0 Tost Conditions 


_Tast Stand ftd._ 
Sansor No._ 

for. 


1 From 5fi/frytUT\ 
Pri £ a/ & d T 

CMI4RRffo*S 




4 7 \. 


\o * 


1.1 The following conditions shall be maintained for the entire test. 


1.1.1 Control supply fuel pressure (P s ) * 20 pslg supply. 

1.1.2 Ambient air tamp • 7Q+I0 # F. 

1.1.3 Ambient pressure • 14.7+1 psla. 

1.1.4 Pressurizing Valve: A remote pressurizing valve sat to 80 ps1 
above P bc should be used In the metered flow line. 

1.1.5 Back pressure controller. Downstream of the pressurizing valve use 
a pressure regulator referenced to COP and downstream of an 
office calibrated to give 144 psl aP at 400 pph. 

1.2 Test Equipment 


1.2.1 15 HP variable speed stand, 13,000 rpm. .055 speed control. 

1.2.2 30 PPH - 600 PPH flowmeter Q.55 accuracy (2 required). 

1.2.3 0-50 PSI aP gauge ♦ .25 psi accuracy (P 7 -P 2 ). 

1.2.4 3-300 pslg pressure gauge ^10 psi accuracy (?i). 

1.2.5 0-300 psia pressure gauge .2 psi reading accuracy (COP). 

1.2.6 0-300 pslg pressure gauge +10 psi accuracy (P 2 ). 

1.2.7 C-800 pslg pressure gauge llO psi accuracy (P^). 

1.2.8 0-100 pslg pressure gauge +1 psi accuracy (P bc ). 


1.3 All control settings should be made while approaching the set points 
as follows, unless otherwise specified. 


i 


1.3.1 Engine inlet temperature simulator or sensor-approach set 
temperature from a lower temperature. 

1.3.2 Compressor discharge pressure-approacn set point from a lower 
pressure. Hysteresis checks should be approached from a 

bigner pressure. 

1.3.3 Speed setting voltage-aporoacn from a numerically lower value 
unless otherwise specified. 

1.3.4 Oo not overshoot set point. If set point Is overshot, reduce or 
Increase Input slgnel, depending on requirement and approach 
set point again. 
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1 SPEtO 

COP 

T ? 

F/C 



j 

| RPM 

PSIA 

INCHES 

VOC 

NOTES 

LIMITS 

ACTUAL j 


2.0j Functional 


I 2.1! Pump Capacity 


■ 



.620 

(60*) 

H 

Pi-120 > P, 

(aP-10 psl) 

95 PPH arln. 


2.2) Ultimata 

1 

i 

11000 

>200 

150 

.620 

160*) 

3.6 

Stopcock Flow for 
max. of 2 seconds 
Record valve 
cracking pressure 

725-775 psld 
(Pl-Ps) 

?5o 


2.si Built In-Taet- 


2.311 

r 




•10 

Record SIT Signal 
Voltage 

12.64.14.64 

IS .67 

2.3.2 




EQ 


9.91-11.91 

Rl 

2.3LJ 




m 


3.5-5.5 

cm 

BO 




3.5 


.36-2.36 

IU1 


j 3.01 Potter Laver Schadula _ RPM 


• 

nrm 

n«i. 

Max. ; 

3.1 

| 

a 



B 

Set to 129 PPH 

9725 

9924 


BIEI 

3.2i 


138 



-2 

Set to 207 PPH 



11022 

BEE39 

09 


180 



1 

Set to 307 PPH 

11423 



RKfl 



209 



3.5 

Set to 387 PPH 



12054 

mm 

3.51 


209 



4.012 

Set to 

387 PPH 



12054 

* . 

i jji i 

3.61 

1 


209 




Set T.P. 3.4 Re¬ 
duce P/L V to 

382 PPH 

3.1V 


3.4V 

I.YIV 


?) » - To be within 10 rpm or setting In para }.k. 
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11444 

11519 

11594| 

i 

illSSd 


209 .591 (0*) | 3.6 Sat 390 PPH 


209 ,574(-35*) 3.6 Sat 384 PPH 


1 209 .5595(-6S*)| 3.6 j Sat 380 PPH 


111911 112811 113711 

II 


117631 118231 11883 \(~)CfQ 


11483 11558 11633 


11233j 11323{ 114131 || 
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H 

SPEED 

RPR* 

OP 

PSIA 

INCHES 

P/L 

voc 

NOTES 

LIMITS 

ACTUAL 

5-Si 

Decal Schtdula 




s.s|i 



.620(60*) 

•7,0 




KlfV 


145 

13T 

161 




100 

.620(60*) 



90 

96 

101 

mm 

5.4 

Startlno Flow 









14.7 

.620(60*) 

-7.0 


68 

61 

64 


nm 

3244 

14.7 

.620(60*) 



68 

63 

67 

UH 

5.7! 

Altitude Schedule 







Ba 


40 

.620(60*) 

3.6 


84 

88 

93 

VI 

8.01 







6.11 


62 

.620(60*) 

3.6 

97 PPM 

11964-12084 RPM 

IEESS1 

Id 

■ 

107 

.620(60*) 

3.6 

187 PPM 

11964-12084 RPM 

IkBU 


7.1' 


i 

l 

■ 


i 

i 

Speed below 

11000. Raisa to 
11964 n». 

Record Wf 

H0& 

7.2! 








Increase RPM to 
12024 

Record Wf 


7.3| 








Increase RPM to 
12265 

Record Wf 

AW 

7.41 








Lower RPM to 

W f In 7.2 

12004 - 120 3ti 

RPM 

i ion 

7.5. 




1 




7.1 nlnus 7.3 

109-164 PPH 

'\U 


•All speed settings +100 RPM except Ut 5.6.1 +10. 
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\— 1 

SPEED 

COP 

72 

PA 




1 _! 

RPH 

PSIA 

IfICHES 

VOC 

NOTES 

LIMITS 

ACTUAL. 


8.0 Idle Soeed Setting 


8.1 


8.2 


8.3 


$.0 


8.1 


9.2 


10000 


9000 


72 


.620(60*) 


-7.0 


-7.0 


-7-3 


Reduce Speed to 
give 95 PPH & 
Record 


Inc. spaed to 
give 95 PPH 


95 P?H 


8.2 less 8.1 
sax. 40 RPN 
hystiresir— 


Saeed 


Min. 


9190 


9190 


Non. Max. 


9236 


9236 


9232 


9232 


To ba within 
20 RfM of 8.2 


RECORD 


9339 


n\z 


°\ 31$ 


Unload no 


12024 

♦200 


12024 

♦200 


240 


240 


.620(60*) 


.620(60*) 


-7.0 


9.775 


Raduce PA. 

Voltage below -7.0| 
and record the 
voltage that Wf 
drops 


Raduce PA Voltage) 
to -9.775 6 Record 
>2-Pbc 


-7. 65 to 
-9.675 V 


IS PSI max. 


-%.?k 


10.01 Leak Checks 


10.1‘ 

12024 

♦200 

240 

.620(60*) 

3.5 

Raisa Pi to Ult. 
setting -20 PSI 

No external 
leakage after 

3 sin. 

0 

10.2! 

■ 

■ 

.620(80*1 

-10 

Boost ■ 50 PSIS 

seal.leakage 

None after 

10 sin. 



■ 

■ 



Raduce to 

5 P3I0 

Hone after 

10 tain. 

0 

10.21 

1 

Check Par shaft seal leakage during cal. for 
any 30 Bin. of no real cal 1 brad on running. 

BgflTflliiWi 

o 


11.0) . Drive Toreut 


Olive torque will be measured with a torque 
wrench after the control has been run for a 
■Inlena of 5 win vitas on the test stand and 
raaoved. This tast does not have to be run 

In sequence and could be done after the 

IS In.lb. rnu. 

? 

rsnlndar of tho test proc*dura Is eaaolatsd. 


• 
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ACCEPTANCE TEST AUDIT 


CASE # 


sperttoi 






Jnspector_ JtLSLih^a. 


Data XT)-2.-19 


1=5- 

Paint 

Min. 


RECORD 

REMARKS 


95 pph 

— 

_^_ 

Pump Capacity 

i!* 

11994 

12054 

WBsmm i 

1002 Spaed 


11733 

11853 

n*// 

Speed Reset 

M_ 

11483 

11533 

- //<t£7 . 

Speed reset 

him 

34 

93 

0P> 

40 PSI Accel. 

(u.s 

427 

458 


200 PSI Accel. . 

icn 

257 

275 

265- 

120 PSI Accel. 

5.2.1 

443 

453 

¥¥9 

Max. Flow 

IIZQH 

144 

161 

/5V 

Oeetl 

js*6.1 

58 

64 

.. Sf>.* 

Start Flow 

urai 

12004 

12034 

vio/tr 

Hysteresis Check 

;«at 

9190 

9282 

<?2i4 

Idle Speed 

■ 

IB 

Ian* 


External leakage 
after CI T Sensor 
Assembly 

i 10.2 


None 

_£_ 

Static Leakage 


0*ud1n:Jb 
J75/5/1S CN TAPE 


I 
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Headward Governor Company 
Rockford,-Illinois 




i-WS. 


X83209-Q25 


c 


'VC.c 








WOODWARD GOVERNOR COMPANY TEST SPECIFICATION FOR 83209-CIT SENSOR (ATP) VALVE 
MIl-C 7024A TYPE II CALIBRATING FLUID ’ 


SERVICE LIMITS 

IDENTIFICATION NO.___ 

Tfrsto— r W1T1 laws Research Core. 


6 Cl 


Woodward P/N 

Chk 


Chk 

X83209-01S5 


8901-140 


X33209-0201. 


floi-jyf 


X83209-031 


CT o| - tso 

"7 

8901-126 





Data 7 f-' a. 3. <3 


.Tested By /.> / 


.Test Stand N o. * 7 / 


* Calibration to ba recorded using fixture WT656E0 


kS. 


Desired 

♦ 

±J/2° 

Min. 

Max. 

Actual 

-65 

.557 

.562 

.ssi 

-.0 

.5885 

.5935 

,s'ro 

75 

.6235 

.6325 

,b3L7 

T70 

.6745 

,6835 

, 4 7f 

75 

. 6Z35 

.6325 

<£2l 

-65 

.557 

.562 _ 

.cf«5 7 


---■ , 7 cs . 

•Correction: ‘ V 

If temperature pots are not within * 1/2°F: 

Add .0005* for each 1°F error below desired temperature. 
Subtract -COOS' for each 1°F error above desired temperature. 


Date d 7f^O--3-< 3. 



W 
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Aocfcf ordT 111 1 nol s 

t 


1. 


2 . 


Rev.'NEW" 

78-2-9 

D.L.Jacobson 
Sheet 3 


DATA SHEET 

PRESET TEST SPECIFICATION 
FOR 3901-130 SHUTOFF VALVE 


H.als/N £j= 


CASE NO. 


OATkj_ IS 


i 


u. 


Uia 


TESTED BY 




/■O 9 


Increase supply pressure (P 2 )s.1owly until valve creeks open, 
noting the pressure at which It cracks,, __ 

Record P. which cracks valve . P SIS 

-^- «« 


P* “Fbc 


?\ -#Jc-*traTRTTRi77 


Decrease supply pressure(P 2 )unt11 discharge flow (Wf) 
IS 60 PPH. 


S± 


Record Pj here as P 2l _____ 

f 

increase supply pressure {?,) until 
discharge flow (Wa) Is 60 PPH. 

Record P z here as ? i r / O 8 


PSIG 


PSIG 


/ c s 


Pzz-Pzi - 


_PSIG Hyst. 


3. 


Piz-Pij, ■ 35 PSIG max. allowable hysteresis 

Increase supply pressure (P-) until 
discharge flaw (Wf) Is 500 PPH. 

I Record supply pressure (?.) / SS' 

Record discharge oressureIP n ) SR 


PSIG 

PSIG 


4 ,. 


P 2 -Pn 

Pz-Pn 


/ 3 r 

150 pslg max, " 


PSIG 


'Check discharge leakage for three C3] minutes, 
| Record A1 dAf 

Max,Allowed_0 v • 


/vf or>\ £aJ £'/*'£ 

TZ 8 , //?£ (***'£ 
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SERVICE LIMITS .-7 /- 

W0C0KAR0 GOVERNOR COMPANY TEST SPECIFICATION FOR 83209 - FUEL CONTROL 
„ i 7 MIL-C-7024A Type II Calibrating Fluid 

C*a* 

VI.8. S/M ' -■ . V< < M. W.G. Ordar . . 


Customar: Williams Resaarcir 


Contract No.: 


0a Tat t»d 


Woodward P/N 

Williams P/M 

8061-003 

29971 

8061-009 

23S60 

8061-056 

36240 


v;r/ Ta«t Stand Mo. 
Sensor Ko.__ 





1.0 Test Condition! 

1.1 Tha following conditions shall bo oalntalnod for th« antira tost. 


1.3.1 Control supply fual pressure CPsI " 20 pslg supply. 

1.1.2 Ambient air reap “ 70±10*F. 

1.1.3 Aablant pressure " 14.7*1 psla. 9 

1.1.4 Pressurixlng Valve: A reaote pressurizing valve set to 80 psl 
above Pbc should be used In the aetersd flow line. 

l.T.S Back pressure controller. Downstrew: of the pressurizing 

valve use a pressure regulator referenced to COP and downstreae 
of an orifice calibrator to give vj, pal aP at 400 pph. 

1.X.6 Rotation of Drive Shaft - CW ( Looking at and of Drive Shaft). 


1.2 Test Eouloeent 

1.2.1 15 HR variable speed stand* 13.000 rpm* .055 speed control. 

1.2.2 30 PPH - 600 PPH flowmeter 0.5! accuracy (2 required). 

1.2.3 ‘0-50 PSC iP gauge ft .25 psl accuracy (Pi-Pg)* 

1.2.4 0-800 pslg pressure gtuge $10 psl accuracy CP-j). 

1.2.5 0-300 psla pressure gauge .2 psl reading accuracy (COP). 

1.2.6 0-800 pslg pressure gauge *10 psl accuracy (P 2 ). 

1.2.7 0-800 pslg pressure gsuge *10 psl accuracy (Pk). 

1.2.8 0-100 pslg pressure gauge *1 psl accurscy (P(, c ). 

1.3 All centre! settings should be eade while approaching the set 
points as follows* unless otherwlst specified. 


1.3.1 Engine Inlet tampersture simulator or sensor-aoproach set 
temperature from a lower temperature. 

' 1.3.2 Compressor discharge pressure-eoproaeh set point from a 

lower pressure. Hysteresis checks should be approached from 
a higher pressure. 

1.3.3 Speed setting roltage-approeeh from * numerically Icwer 
valoe unless otherwise specified. 

1.3.4 Oe net overshoot sat point. If set point is overshot, reduce 
or Increase input signal, depending on requlrerent end 
approach sat point again. 
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XS320? - c68 ?» S s £ R£v 



fTTHI 

CDF 

t 2 

P/L 




fTT» 

PSIA 

ImCHCS 

VOC K0TIS 

LIMITS 

ACTUAL 


'2.0 Functl oust 


1.1 Pump Capacity 


|| 


Sec 

. szo 

m 


SO t PH aln. 

\HU 


PB 


C«0*) 

HI 

mMimm 



.2 urei— 1 » 


- 

nooo 

2200 

ISO 

.no 

C«o*l 

H 

Stopcock Flow far 
aax. of 2 tacoads 
Record valve 
cracking pressure 

600-700 paid 

t'z - r,) 






_ 


CSESI^HH 

■ 7 55 


2.3 telle te Tase 


2.3-1 


U 


-to 

_ 

SCT9HH1 

12 .1U-lS.lt 

13.6* 

EKE 


1 


530 


9-61-12.U1 

i O.ftH 

□EE 




o 


3.0-6.0 


tfi£i 


C_ 


LSJI 


.34-2.8 6 “i 

1 -Tpg 


3.0 Rewar Later Schedule RPR 

Me. Nos. Hex. 


' 3.1 ' 

93 | .«0(WF) 


Eli 

RISI 

LAL10BB 

EssSI 

il-2 

|t3« 


-2 


US! 

m 

Bill 

a99Sn 

m 

| 

iso 

. 

t 


m 

11770 

mm 

3.4« 


209 


2.5 

Set te 317 PPM j U93U 

12026 

lZXJJv 


!»•* 


209 


3.1 

Set te 317 PPM U93U 


tm 


1 

3.« 


209 




2.7T 

■ 

3.9V 

Vi\ I 

.•0 


4.0 Tsaperatere Override Scfcedalm 


e.T 

: 

a 

-591 (a-j 

B3 

Set 8l PHI 

10673 

PRE 

ESS 


4.2 

■ 

41 

• 5711 
(-I5-FJ 

u 

Set 82 PPM 

11369 


11669 

USHH 

11 

«-X 


SO 

.5595 

(-45*) 

a 

Srt 83 PPM 

11127 

Hj| 

u 

w?><n 

h 

UJU 


2Q9 

.591 (0*) 

3.6 

Set 190 P?H 

11703 

H323 

119U3 


16.5 


E21 

KiagEHl 

ss 

Set 38U. FPH 

HU 08 

11559 21708 

1 TS 9 T— 

1.6 


ESI 

• 55951-65*' 

ms 

Set 380 PFH 

11169 


UV3— 


I . . — I I . .. ■' ■ .....— . . > I. Ill I i ..I j.,.. ■- 

i If ass apaed setting La beyond Halts, after completing as received test, 
) readjust max speed within Halts and retest paragraphs 3,U,6&7 f $ 
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SPEED 
RPH o 


licMES 


P/L 

YOC HOTES 


ACTUAL 



ystarstlt 


8061-056 OHLY 




cc«t. Otetl. Htx. t Stirt Haw Altitud e 
5.1 Aectl 60*F 


S.U noo to .620(60*) 


s.i.z noa «o 


10700 120 


115001 180 


5.1.si 11500 200 


10700) 120 


.2 Hix. Haw 


11500 250 .620(60*) 


.3 Acctl 170*F 


5.3.1 5000 30 I .679(170*) 


.3.2 11500 180 .679(170*) 


5.4 Acetl -65*f 


5.4.116-00 40 .5595 

1 (-6S*F) 


.5595 

(-«5*n 


5.5 D«c«1 Schtdult 


5.5.1 12021* 160 .620(60*} 


100 .620(60*) 


Sttrtlno Flo* 


5.6.1 11*55 16.71 .620(60*) 


821*1* 14.71 .620(60*) 


5.7 Alt1tv6« Schodult 


9.7.1 11100 40 .620(60*) 


M All rpacd settings £100 P.PM exeopt t«*t 



1*85 500 


- 1 * 1*8 


67 73 


1*151 439 



6400 

40 

10300 

220 



67 

77 

87 


1*01 

424 

1*1*7 




136| 153 


81* 56 



53 

61 

69 

52 

63 

72 



70 88 
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4oodwani QoTomor Company *63209 - D68 

Hockford, Illinois Pago 5 of 5 RS 7 NEW 



Speed 

IrM 

CO? 

mi 

T Z . 

Inches 

P/L 

V0C Notes 

Limits 

ACTUAL 

.0 Puna Unlotdine 

1.1 

ms 

240 

.120(60*) 

-7.0 induce P/L 

Voltage below -7.0 
aad record the 
voltage that Uf 
- drops ‘ 

-7.4 ta -9.9V 

-■s.-sv 

.£ 

4202* 

1200 

2*0 

.620(60*) 

-TO Indues P/L Voltage 
to -10 and record 
*r+bc 

30 PSt eat. 

2> 


0.0 Lssk Checks 


U«¥ 

Wl • * 



o.i 

12021k 

2200 

2*0 

.620(60*) 

3.5 

Kalse ft ta Bit. 
sotting -20 PSI 

lo external 
leakage after 

V ria. 

0 

0.2 

0 

0 

.620 (60* 

-10 

least * 50 PSI6 

Seal Leakage 

Reno after 

10 ntn. 


0.3 

Cheek for shaft seal leakage during cal. for 
■ay 30 da* of normal calibration rcnnlng. 

2 CC Max. 
after 30 min. 



1.0 0Hv« Torque 



Drive torque will be aeesured with a torque 

20 fn.lb.mex. 



wrench after the control kas bean run for a 
■lalmuB of 5 minutes ee the test stand and 
removed. This test does net have to ba rue 




In sequence and could bo done after the 
remainder of the test procedure is completed. 



2.0 

Pine! Cheek*L1st 


Cal del 

2.1 

Set stops in electric actsator. 


2.2 

Epoxy actuator stop screws. Dome shspe epoxy 

per ass'y dvg. 



3*0 ground Isolation k Stall Current Toit*. (Pef T5T-1665) 


* 


□ 

Condition 

0231 

kin 


4- 

l M 

■'-OMU-STTTa 



Limit 

■la 
aTF 





Mo tar 


Limit 


JEalaclsn 
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Hoodoard fl o vtmor Company 
Rockford,- Illinois 


X83209-025 


|J *T“ 11 " SOYERROR CWPMT TEST SPECIFICATION FOR 83209-CIT SOCCR (ATP) VALVE 
WL-C 7024A TYPE Cl CALIBRAT1R8 FUilO ' 

SERVICE LIMITS 

loomFicATioii w.__^-2 

WITH 


HeaR T d P/M ■ |Oifc| _ - .. JQik 

X83209-01H 8901-140 

xasas-oai _ 

xasajmni O •< - <sa 


llLc.LT SaJHrii 


8901-121 


_T*rtod By 


Tost Stand 


Calibration to bo r s canl ad using fTsturn WT65680 


Oaalrad 

Mn. 

NU. 

Actual * 

41/2* 




-49 

.H7 

.552 

RS9 

•0 

.5885 

.5935 

■s ?0 

75 

.5235 

.6325 

. L213T. 

170 

IS 

, 5835 

■PfS] 

75 

.5235 

.5325 


•45 

.557 

.552 _ 

\msm 
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^Woodward Governor Company 
Rockford,Illinois 



DATA SHEET FOR SHUTOFF V/iLVE 


TSP-1671 

Page 3 of 5 Rev n 


Woodward P/N 

I Will Ians P/N 

Rev. 

8901.162 

\ " - 34894 


8901-130 

1 29593 

* 

'A"961-l46 

I*3745 r 


23ci-i6-i 

r ■ •j«avs 

* 


•See sales order for correct revision letter. 
Wl6.S7N.{V^1<m7 P/N CASE no: '0 4 


DATE 




TESTED BY 


;r- 

•, CV 


1. Incrane supply pressure (P 2 )slowly until valve cracks open, 
noting the pressure at which It cracks. 

Record P which cracks valve_ tn _;__PSIG • 

Pi -Pbe“ _LSI__ PSIG 

P 2 -Phc" 65-110 PSIG“'' 

Shutoff P 2 -Pbc ■ -^3 ns PSIG Min.) 

2. Decrease supply pressure(P 2 )unt11 discharge flow (Wf) 

Is 60 PPM, 

Record P 2 here as P 21 _ 9 /R _ ‘ PSIG 


© 


Increase supply pressure CP,) until 
discharge flow (Hf) Is 60 PPH. 
Recbrd P 2 here as P.^ - < * 


PSIG 


Pi-Pn- - 


/ ~h 


/ / 


PSIG 
PSIG Hyst. 


Pia-Pn * 35 PSIG tax. allowable hysteresis 

3. Ir.srease supply pressure (P.) until 
discharge flow (Uf) Is 500 PPH. 

Record supply pressure <P.) _ / S' 3 _ 

Record discharge oressure(P n ) / - 


PSIG 

psre 


P 2 -Pn 


' - < 




P 2 -P„ » 150 pslg eax. 

Check discharge leakage for three (3) elnu tes, 


PSIG 


Record. 
Max. Allowed 


5. Check discharge leakage for (3) elnutes. 

Record / ■ % 

Max.allowed 0_ 


FA on 
$Z IF.FosT FajS'/a/c ] 


6 . Check discharge leakage Cor (3) minutes. 

Record /. '* * -f~ 

Max.al 1owe<: _0 _ 


E-17/E-18 Blank 
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APPENDIX F 

FUEL CONTROL UNIT FAILURE ANALYSIS 


This appendix presents both the preliminary and the final reports 
from the Woodward Governor Co. regarding the failure of fuel con¬ 
trol unit S/N 1443446 during the hot day mission simulation testing 
of Engine 828 at AEDC. Also included is a copy of the report from 
Motorola Inc. (semiconductor component vendor) to the Woodward 
Governor Co. with reference to the failure of components internal 
to the fuel control unit. 
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iViaAMCrH COMiHAMf 
ROCKFORD, ILUNOIS 

AIRCRAFT DIVISION P«t« 1 of 2 


lliniM* Raiwdi Corp. 


CUSTOM!* P.OL 


WAIOl 


G 360SS 


NO. 


EM 86ES3 


124550 pat* »■>«» 


MOOB.NA 8061-0S4 
nmwflt mm »3209 

L I 


vh *f 2443446 ORTBOOMH OTP. ,0 * 4 * 10 


Actuator would not respond to laput signal; would dram 3.4 tap* 
oa bonch tost with 28¥ supply. 


pHtUWMR)' 
ft£f>o*r 



* 


A. Run "a* received" tost, 
g I. Investigate discrepancies. 

C. If length? investigation is required, please issue 
iaterlaf report by 80-4-10. 

0. Repair as necessary. 

3. Investigation Results 


The actuator was haad-carried in by Killians Research Corp. 
personnel, and the following initial portion of the investigation 
was witnessed by Killians Research Corp. and Government personnel. 
"As received" testing verified the cooplaiat and the actuator was 
removed from the fuel control. Opening the actuator revealed a 
severely charred area about Q« and Q;, two of the power transistors 
in the final aotor drive stage. Reaoval of power to the final 
stage allowed trouble shooting of Che signal conditioning and drive 
circuitry ahead of the power stage. This showed the entire circuitry 
with the exception of Q ( and Qr to be operating norwally. Sub¬ 
sequently, Q* and Qy were renoved and tested on a transistor curve 
tracer. The 2N6301 (Q 7 ) was conpletely defective, behaving essen¬ 
tially as a short circuit in the circuit. The ZN6299 (Q c )retained 
some seal-conducting characteristics, however, was severely 
deteriorated with respect to gain and also has increased in 


THIS REPORT AS COMPLETED SHOULD INCLUDE AS NECESSARY 

X T«a SuWu «d/ar linaiiMW Raada 


APPROVAL 

JLLeeson 80-4-10 
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SFSCIAL HANDLING REPOIT EN S6SS3 

S. Makulac 

hi* Z 

3. lw**tl|»tlg jmlU (coat.) 

resistivity. Sisco a high voltage spike can causa suck 
transistor failuro tha transient suppression diodes in the 
circuit vara also checked an tka curve tracer, and proved 
to bo functioning earn ally. 

• 4. Conclusions 

As tha transient suppression circuitry was still functional, 
we assune tkat no voltage spikes reached tka transistors in 
axcass of their specification liait. Therefore, it is con¬ 
cluded st this tine that the first transistor to fail (Qy), 
failed during operation for unknown reasons, this failuro 
would then allow, when Q« was turned ea normally, direct, 
high current flow fron tka 21 volt boss, through both tran¬ 
sistors, to ground. Such current flow would be well in 
excess of nernal, and would cause severe heating in both 
transistors, in this case precipitating deterioration of per- 
forannco in Q*. Since the actuator would not bo responding 
to the input signal, tils could bo a long tern condition. It 
should bo noted that this sequence of events is a hypothetical, 
but very probable one. Tha causa of tha failura in Qy could be 
due to a maker of things, as yet undetermined. The subject 
transistors have been sent to the nanafacturer. Motorola, for 
failure analysis. Since both transistors vem subjected to 
severe theraal overstress, this analysis nay not yield conclu¬ 
sive results, since soae of tha defects that are possible 
causes any also bo the results of tha thermal overstress. 

S. Corrective Action 


Since a pattot*of rec u rring failures is aot established,and 
since further evidence nay be forthcoming, no corrective action 
is anticipated at this tine. Also, it should bo noted that 
these devices ere slated for replacement upon approval of pro¬ 
posed changes to conform with nucleeT requirements. The 
replacement devices will be processed in accordance with JANTX 
standards. This would enhance reliability, since the JANTX 
processing is not available on tha present devices. A supple¬ 
ment to this report will be issued when further information 
is available. 
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SPECIAL HANDLING REPORT 


\JULIVS 


EN 86853 
Supp. X 
Pace X of 2 


SUBJECT: 

FROM: 

DATE: 

Abstract: 


Additional Failure Analysis - Vendor information. 
Stove Makulec ~~ 

May 20,1980 


(fjhal Repo/tr^ 

s' -f/tiuj/jrtA- 
[£*/£. tz rs fun. C»«r/r*L. 


The original Special Handling Report covered the analysis of an 
X83209 Power Lever Actuator railsre. The vendor failure analysis 
is now available, which points out Manufacturing defects in the 
failed semiconductors which likely led to the everstress of the part. 


Inrastliatlon Rasults/Conclosions: 

The vendor's analysis of the foiled parts (attached) substantiates 
the condition of tho parts as renured from the actuator and gives 
a synopsis of furthar findings with the Motorola product engineer 
clarified the reported phe n om en a. The premise that the 2N6301 type 
traaaistor failed first and thus caused tha failure of the 2N6299 
type transistor still appears to bo valid, although it can't bo 
proven conclusively. Various voids were found in the construction 
of both transistors. These devices are built in a stacked up fashion, 
with tho silicon chip (dio or dico) soft soldered to a copper heat 
spreader button, which is than soft soldered to the actual transistor 
case (header). The soldered areea are accomplished with a solder 
preform, and subsequent heating to nelt the preform and establish a 
bond. As such. Motorola indicates that it is difficult to achieve a 
coapletely void free construction. Because of that, they perform e 
Safe Operating Area (SQA) test om the completed parts; which puts 
adequate stress on the perts to call out ports with excessive voiding, 
and hence inadequate thermal conductivity. This testing is done in 
a Banner sinilar to testing in accordance with MIL-S-19500. As they 
perform this random sampling procedure.the resultant typical Acceptance 
Quality Level (AQL) is 0.281, i.e., statistically no core than 0.288 
of the devices shipped would he defective with respect to the tested 
parameter. This SOA test is performed at fall power capability for 
0.S seconds, which is a much higher stress level than the application. 


Materials analysis showed the 2N6301 type (VGC P/N 1616-682) had 
approxinately 108 voids under the silicon die, and 308 voids undar 
the copper button. This presumably was the transistor that failed 
first and was verified to be shorted. Also, evidence of belting 
on the die surface indicates severe overheating. Motorola's sssess- 
aent of this dovlce and the existing voiding is that passing the SOA 
test would have been unlikely. It therefore represents a random 
escape through Quality Assurance testing. No testing is done et 
Woodward Governor Company that would have caught this, and the addi¬ 
tional processing imposed by the drawing (High Temperature Reverse 
Bias-HTRl Bun-in) does not stress the part in a manner that would 
call out such n problem. 
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SPECIAL HANDLING REPORT 


EN S68SJ 
Supp.1 
Page 2 
S.Makulec 


"" Investigation Results/Coaclusioas -coat. 

The 2N6299 WGC P/N 1616-690) was foul to have approximately 50% 
voiding under the silicon die. generally in the center of the die. 
Although thin in net desirable, the Motorola people believe the 
device would have passed the SOA test. The device as returned to 
Motorola was verified to bo severely degraded ia performance. 

Given the above infornation, the 2N6301 type traasistor appears to 
have been the weak part ia the system. Since it is failed shorted, 
the premise that it failed first, causing subsequent overstress and 
degradation of the ZN6299 type transistor, seems to be upheld. The 
expected sequence of events, then, ia as follows: The 2N6301 fails 
first, presumably while actuated and driving the motor. When the 
position is as necessary the drive to the motor ih cut off and at 
sane point in time re-energized te drive the motor in the opposite 
direction. That turns the 2N6291 on sad current is drawn through it 
and the shorted 2N6301. Since this current is shunted directly from 
supply to ground the motor dees not neve, and the control circuit 
is not satisfied. This provides for a long term high current flow 
through the transistors, camsing the thermal overstress noted. 

The major fault in the above train of events is that at the applied 
stress levels, which are well below that of the SOA test, it is very 
difficult to assess whether or not the 2N6301 would have failed. 
However, since all other parts of the circuit including transient 
protection, were functional, it is a probable sequence of events. 

Recomncndations : 

The stated AQL of 0.28% for the SOA^testing indicates the risk of as 
individual part getting through this system while defective. As 
there are five of these devices per actuator the probability of a 
defective part in a unit is 1.4%. However, note that an AQL level 
is an indication the ma x imum numb ex of defectives, and that in the 
application the stress is much lower than the SOA test (less than 7% 
versus 100% stress). Thus, a mere reasonable and yet still conser¬ 
vative estimate of the probability of a deficiency existing that would 
result ia a overstress condition is less than 1% for the actuator. 
Since a determination of the actual condition of the transistors can't 
be made ia the field it is racovmendad that the customer use the above 
figure as a guideline to compare to his acceptable risk on a given 
unit. If the risk is deemed unacceptable, the alternative is return 
and disasscably to a point where the transistors condition can be 
^assessed and replaced if necessary. 


Attachments: 

(To original 
only) 

SEM/rg 

•0-4-20 


Motorola Product Analysis Report 
PL-410*001/PL-411*001 
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; r, .'O rc.~oui ir -y. 

V 4 ALBIHA** 

m‘. 3rc«. StrtAAOt*. 


•euaaiutv AKoauMirr cev*at -•■*.t 

PRODUCT ANALYSIS REPO:.T 




#361 


•iron no. pi- o trsn m-wwt 


.MiMtoa 


Ortcw) 


atntiitct 


PtVICt TTft 

^i 301 . ?1l6?*g 


eoavvor ruuvur 

wmiM i laSSy ,l,|t 


LOT NUMhtfl 


CulUikt* Hu-£lk 


mi 


C-l aborts 


Coajt* 


Swimn 


TtMNMMII 

QriEU? □Hota.OA Q or.uan.iTY 


□ nut □ OTttst 1 


**»» coot 


aacsivio 

2 _ 


Ml SZI 


ku»u sail 


*awTJsncr 


avut. • 


!* 

701, 717 


ms? 

1 .1 


BB" 


"N# pow OtrlliftM la t*a alwlaa TO-M cats war* spalled as driven In a fool 
control pevtr lever actuator circuit la tha Cruise Rlssile. Tin fallurt occurrtd 
during official t as tint uador adlltaey surveillance. Sufcitoaoat fallur* analysis 
of the circuit shouad no attodatad ceeoaaoat fatlurao. The devices waro protactad 
alto 1X611 46 wait sonar tuprassara and oparotad la a* anal r e —a t 01.1. protactad 
to XjOOO NZ. Tin tram Is tors war* roc*! wad lien road 

IQTOTmTlQWr 

' Pironetrfc roes in-wants witM a corn* tracer tariffed the stertad conditio* in rhe 
06*1 ««d degrodad gain In tha 2HZ99. Microscopic eMotnatton u* the dl* surfaces 
rawaalod awldanca of saver* owevhMtiag. rasa Ulna 1* a partial nclting at the 
■rltter contact areas (arrou, fhoto 1). Fertht# investigation revealed large voids 
beneath tha dice of both parts (Photo 2). Void* war* also found ttntsth the copper 
beat spreader buttons. 


CUBE 

*oar thavoal coaductlvi ty batmen tin dice aad headers has allowed the tenperature of 
tke dice to rise until destructive salting oc c u r re d in tha nltter contact regions. 

oswniic script : 

Voiding beneath the die bonds and copper batten bonds are detected by an S3A test. 

At the ttae of •amiftclure, this protect ms ssptI* tested to a 3CT, ?.M, 0.5 second 
specification. Hint parts represent rands? escapes that passed customer testing. A 
new steel package has be»n applied to this product line, and its hich-terpereture *raxe 
Is cons istently void-free. It Is suggested that these no style parts be eresloyed 
•dower possible. One hundred percent SO* feat ray he m/irante+1 with an SJ specification, 
aad a JA* **r»1oa of this part would guarantee exceptional duality. 
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J1\ j. A<-&£<?**/ 

Pf( o/h'. £> - Serf ft /+6at. 


ReuanjTY amo quality assurance croup 


►a. mm •• t 


AtOOUCT AHALtUt *(>0*T HUaatt 

pl-*i wxn/n-Mi »ooi 


Mtr 


K tsrm 


mmssr 


aajofflEQi. 


DcVtci Wfl 


A 


a <vm»'> *1 

~''~mr&.-Jr 



Rant. Optical nlcrofraph of arittar * 
region of 2MX1 drrlca. Partial oattlng 
has occarrad. (4SX) 



coT 


2. I-ray thsdeagrophs of 2NS301 (loft) 
and 2NS299 (right) die bonds (square regions). 
Voids beneath dice are sensually large. 

2HS301 also has large raid beneath copper 
bvttaa (arro»). (SI) 
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APPENDIX G 

OIL SAMPLE ANALYSIS DATA 


This appendix contains oil sample analysis laboratory reports 
provided to WRC by AEDC. This information was used in compiling 
Table 3-V of this report. 
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TECHNICAL SUPPORT DEPARTMENT 
CHEMICAL A METALLURGICAL BRANCH 
LABORATORY SECTION REPORT 


K. W. C. Cobb*11 ETF/TT 


■ —Mnf |*go■ *» 


Reftort No. 004 1-8 


Material iuhmitted T-5, 23699B Oil, Pre Hl«»lon Calibration Oats completed 4-2-60 P.S.B. 

828-166 , Tlaa - 2200 ~ time* - Engine 

Collected 4-1-80 , Total Run Tlae - ~~~_ *»•» Auih E41I-18C 


Date in 4-2-60 


Work Auth.. 
Date Out. 


-5-7-80- 


B. Ivy, Jr. and P. S. Byron 


‘ IncirucUana: 

Detarmlna Waat Metal* by Atonic Abaorptlon and Emission Spec.; also. 
Specific Gravity at 75°?. 




A1 - 

N.D. 

T1 

“ N.D 

Te - 

N.D. 

Cu 

- N.D. 

SI - 

N.D. 

Mg 

- N.D 

Cr - 

N.D. 

Sn 

- N.D. 

Ni - 

0.2 

Pb 

~ 0.3 

Ag - 

N.D. 




Specific gravity ?75°F. - 0.969. 


Ott. ©2-8-C on 4-l-SO 

CotxOOJItjA -PI2.G WOT-DNS VAVV k tOvl...CAUftCMIOrt Tio ts.. 
E.r*6tet«.. VAorT TtCtG Ova 'iAuPi.E I H«-, 8 « ,,J - 


- Not Detected. 

- Result* expressed in ppn. 

- Results phoned in 4-2-80 


Rseiaika; N.D. 

A. A. 

A. A. 

Emission Spec, results attached. 


-Time 14 30 Itf.s. T o-__£.q bbcJLL 


l .W.'t'.o';?' 


. • hutim.: 
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TICHMICAL SUPPORT DEPARTMENT Srcrdn-p|**0 •« 

CHEMICAL A METALLURGICAL BRANCH !»•— 

SEM ENERCY DISPERSIVE X-RAY AMD SPECTROGRAPHIC ANALYSIS REPORT 
I 

Soaple No. .00*1-6_Dote In_ *-2-80 _ 

Plate No. _23160 _ Dtte Oul _ 5—7—80 _ 

Submitted By W. C. Gobbell_£117TT_ Work Authorisation E41I-18C ____ 

! j SUM ' [X] SITCTIMICM.tl'II 

Sontplo Description 23699 Oil T-5 ~ Pre-Mission Calibration (Engine) 

Method of Analysis with a Statement of Accuracy: 

Quantitative_ Semi-Quamitattve +10-302 _ Qualitative _ 
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WWHama (li mwh Corpor ati on 


CMEP 95-4120 
Report No. 79-106-39 


TECHNICAL SUPPORT DEPARTMENT 
CHEMICAL 1 METALLURGICAL BRANCH 
LABORATORY SECTION REPORT 


W. C. Gobbell ETT/TT 


Malarial T-S. 23699B Oil. Poit, Hot Day..Mission 
■RJkmm ttm 82B-113 , Tim# - 2230 , Place - Engine 
Collected 4-12-80 , Total Rub Time - ?_ 


4-14-80 _ 

H. Ivy. Jr. end P. S. Byroa 


Report No. 0043-109 

4 

Date Completed 4-14-80 
Work AuUt. E41I-18C 
Date ran 3-8-80_ 


4/28 P.S.B. 


MstiucUoes: 


Determine Uaat Metals by Atomic Absorption end Emission Spec.; also. 
Specific Gravity at 75°T. 


Resells: 

C 


ai 

- 

0.7 

Ti 

- N.D, 

Pe 

- 

1.6 

Cu 

- 0.1 

Si 

- 

H.D. 

»« 

- N.D. 

Cr 

- 

0.2 

Sn 

- N.D, 

Ni 

- 

N.D. 

Pb 

- N.D. 

*« 

- 

N.D. 




Specific gravity 9 75°P ■ 0.969. 

D.«- 'OBtAtuto thoia . S>7_S- C or* 4—t" 2 -So 

ITTUV. VAcft - OaW iAtV^OK. 1\ y^VH W<3T TiWe, 






R.D. - Not Detected. 

A.A. - Results expressed in ppm. 

A.A. - Results phoned in 4-14-80 T ime 1435 hrs. T o Mitchell. 


Emission Spec, results attached. 
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William* Rasaarch Corporation 


CMEP 95-4120 
Report No. 79-106-39 


TECHNICAL SUPPORT DEPARTMENT 
CHEMICAL 4 METALLURGICAL BRANCH 




SEM ENERGY DISPERSIVE X-RAY AND 


SPECTROGRAPHIC ANALYSIS REPORT 


Svordrvp |*« Q 


Siapit No. _ 


___ Date In 

4-14-80_ 

Platt no._ 

Ml AS 

Date Out 

jbfbsa_ 

SubnlUtd Rv 

u r RnkH«11 FTF/TT 

Work Authorization _ 

E41I-18C_ 

smwaiim B/ . 

□ SEM 

{X] SPLCTIIOCItAPII 



Sample Description _ ______ 

Method of Analysis with a Statement of Accuracy: 

Quantitative __ Semi-Quantitative_— 10~30X_ Qualitative 



I — Mtcrocrams/£ram 5 — ZAP - SEM Analysis 

t — Percrniatte 6 - ML - SEM Analysts 

1 - ND - Not Detected 

t - LCD - Lower Limll.nl nntertihitllv___ _ 


D. W. Balter 
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Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 


I S . TECHNICAL SUPPORT DEPARTMENT 

<< 

, LABORATORY SECTION REPORT 


Knamliil h.» ■ 

baii-rial Ku ha. Ill.il 


V. C. Gobball, ET7/TT 

236^7*7 Cold Day Mission 

T-S . ■*tax=& Oi 1 . Post Run t 


Engine S/N S28-119, Time - 0030 . Place Engine 

Collected. - A/iyRO , Total Run Tima - - 


Report No. °0* 3-1*7 _ 

DatP Cumplrird 4/16/80 4/28 PSB 


tV. irA Aulb. 


E41I-18C 


bale la 4/16/80 


Dalr Out 


5/5/80 


a, Herman Ivy. Jr. 6 P. S. Bvroa 


BialraHiiaia: 

! Determine Wear Metals by Atomic Absorption. 

Total acid nuaber, ag KOH per gran sample. 




A1 - 

N.D. 

Ti - N.n 

Fe - 

0.4 

Cu - 0.1 

Si - 

N.D. 

Mg - N.D. 

Cr - 

0.1 

Sn - N.D. 

Ni - 

H.V. 

Pb - N.D, 

Ag - 

0.04 



Specific gravity @ 75°F - 0.971 



Results expressed in ppm. 


Phoned in 4/16/80 Time 1055 hrs. To Mitchell 


X. 

r 
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William* Rmirch Corporation 


CMEP 95-4120 
Report No. 79-106-39 


lTCCMNicAL support department 
CHEMICAL A METALLURGICAL BRANCH 

$EM ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT 

© 00*3-147 4/16/80 

i Sample NO. - 33-^5- °“ e In -575TOT- 

' Plat* No. ---—- Date Out--— 

Submitted By W. C. Cob boll. PTF/TT_ Work Authorization_ E41I - 18C 


B»»rdrvpjA*0_^ 


Q SEN . [*Q SPECTHOCHAPH 

Sampi* Description 23699B (7808C) oil T5 - Cold Day Mission - Container 0828-119 
Method of Analysis with s Statement of Accuracy: 

Quantitative __ Semi-Quantitative — 10~30^ _ Qualitative _ 



I — Mlcrocrams/Grnm S — 

3 — Perccnta*e • S — 

J - NO - Not Detected 
i - LLD - Lower Limit of Dctcctiblllty 


S - ZAP - SEM Analysis 
E — ML — SEM Analysis 


D. H. Balter 
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Williams Research Corporation 


CMEP 95-4120 
Report No. 79-106-39 


TECHNICAL SUPPORT DEPARTMENT 


LABORATORY SECTION REPORT 

W. C. Gobbell, ETF/TT 


0043-156 


€ 

M. Vi. WDK1I, c.ir/ll .. 

W» _Rrpon no. 

„ , Mission 

.SiiiMiiitfH T ~ 5 . gBgjrfg O i l, Post Run »Cali bration.,., c.wnplclcd _ 4 /17/80 4/2.9180 

ingine S/N Time - 1900 , Place En * in * 

lollected. -_ 4 ' 16/8g T nta1 Run-Xiae - tv.Kt auis.. 


E41I-18C 


sir In . 


4/17/80 


Herman Ivy, Jr. & p. s. Bvroa 


D»tr Oul. 


5/5/80 


iMimi-tiiNtM: 

Determine Wear Metals by Atomic Absorption. 


••Millb. 

A1 - 

N.D. 

Tl -N.D 

• 

Fe - 

0.2 

Cu -N.D 


Si - 

N.D. 

Mg -N.D 


Cr - 

N.D. 

Sn - N.D 


Hi - 

N.D. 

Pb -0.1 


A* - 

N.D. 



Specific gravity 9 75°F - 0.971 

Oil Sai>aph tawm vtZovA &2S-6 oh 

4-it-to PoLLoM»i**4N_^crsT- OoL» T>sy sA\^sio*a CAl.v-«»k-tvou. 












Williams Rasaarch Corporation 


CMEP 95-4120 
Report No. 79-106-39 


* TECHNICAL SURPOST OERARTmENT Swt>rdl-U(»|AJSJ~ 

CHEMICAL A METALLURGICAL BRANCH 


SEM ENERGY DISPERSIVE X-RAY ANO SPECTROGRAPHIC ANALYSIS REPORT 


5apple No. 

0043-156 

Plue No. 

53156 

Submitted By _ 

W. C. Cobball, ETF/TT 


Due In _ 

Due Out . 


4/17/80 

5/5/80 


Work Authorization 


E41I-18C 


f~l SEM ' [*|] Sl’KCTHfVtllAl-ll 

Sample Description 23699 oil TS Post Mission Calibration. Container <7828—122 


Method of Analysis with a Statement of Accuracy': 

Quantitative_ Semi-Quantitative — 10~30Z _ Qualitative 


Reaulta 

Sample 

No. 

Sample 

No. 

Sample 

No. 

Sample 

No. 

Sample 

No. 

Sample 

No. 

Sample 

No. 

A« 

0.03 







At 


BH^^^B 


^BB^^B 


\wmmm 

mmw^m 

■"B 

IkKWH1 

■im 

■hSBBHi 

BBS 

B 

B 

wmmm* 

Ba 








B* 








B" r HHHi 

BHBBHH 

B B 

■B B 

B B 

Bi i i'^' 1 11 1 


B 

Ca 








Cb 








Cd_ 








F— 

bbhhbk 

bh^i 


B 

bbhi 

BHBHHI 

bhbh 

wrm 

b b 

B HI 

B B 

B B 


B Bi 


Cr 

0.03 




— 



Ca 

0.03 







Ft 

0.3 


bbih 

bbhbbi 

bhhb 

bbhb 

B BBB 

X_ 

H9HH 

B HHI 

■b^bh 

■■bh^b 

bih^b^b 

B ■ 


pTTpBB 

BHBiBB 

bbh 

B^^BI 

BI B 

B Bi 

B HI 

B 


■■■■ 

^bbbh 

bm 

B^BHHI 

Bilin&liH 

B ■ 

■ 

pJBMH 

■■■■ 

bhbh 

bhbh 

■B ■ 

bbbbbbi 

B HI 


IC13BB 

BBBHHB 

■ B 

■bhb 

bbh 

B 

BKIBiiBB 


» 


B B 

B ■ 


B 

B HI 


r— 

hbhhi 

BBS 

BBS 

bb b 

bbbi 

B3£££i3£Bi 


hr— 

■1 BB^B 

B ■ 

B B 

B B 

B B 

B 


h^H 

B ■■ 

B B 

B ■ 

B B 

■ 

B ■ 


SI 



B B 

B 


B 


Sa 

- 







Tt 

- 








BBHI H 

B 

Bi 

B B 


BI 


Ph 


B ■ BH 




wwmmm 

■ 

























|MB| 

IB B 

B 


B; 

•y^sp^jg^BI 



Ebbbb 

—1— 

BW 

B 

jgjjjlBSBl 

iiBHHHH HBH9IHH! 




Results expressed ns ppm 

l -'Jry A 

pb 

BBBHBHHI^BHBHHHHi 

. . .. 1:_)_ 

Bi 

HBMHMB* VI <ii 1i ihM iI'M'My 1 !i iii' 



■ J 


1 — Mlcrocrama/Gram 5 — ZAP - SEM Analysis 

2 — Percentage • 6 — ML — SEM Analysis 

3 - ND - Not Detected 

4 — L^D — Lower Limit of Dctectihiitty 


D. W. Baker 


< 


G-9/G-10 Blank 
















































